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TWO BEHAVIORAL EXPERIMENTS ON THE LOCATION OF THE
SYLLABLE BEAT IN CONVERSATIONAL AMERICAN ENGLISH

By George Douglas Allen

Rhythm is one of the elements of the prosodic level of speech. The
basic units of rhythm, upon which are carried many other prosodic units,
are points or intervals of time. The time intervals between successive
major stresses are hypothesized to remain roughly equal in English speech,
i.e., English is said to be a stress-timed language. In order to measure
these time intervals, however, their end points, the rhythmic beats, must
first be found. Native speakers of English feel the rhythm of their speech
intuitively and can react consistently to the beat of a stressed or rhythmic
syllable. The present work determined the validity of this rhythmic intui-
tion and used it to locate the syllable beat.

Previous investigators of speech rhythm have located the syllable
beat by tapping to the beat with a finger and by placing an audible click
on the beat. The present work studied the reliability and validity of
these two behavioral tasks as measures of syllable beat location. The
investigation of reliability calibrated the variability among and within
subjects in reacting to syllable beats and identified different sources
of variability. The validity studies were of two kinds: the first matched
experimentally obtained differences in behavior with intuitively perceived
differences in speech rhythm; the second abstracted from the experimental
data rules for locating the syllable beat.

The reliabilities of the two tasks were found to be approximately the
same: responses to stresses and rhythmic syllables showed a standard error
of approximately three hundredths of a second for both tasks. Tapping
seemed, however, to be a more valid response than placing a click, both
for determining rhythms and for locating the syllable beat. The magnitude
of subjects' variances in tapping to a syllable was found to correlate
highly with: (1) the role of the syllable in the rhythm of the utterance,
according to the experimenter's and the subjects' intuitions; (2) the
stress markings assigned by linguists to the syllable; and (3) the gram-
matical class of the word to which the syllable belonged. Specifically,
the syllables with lower tapping variances were felt by the experimenter
and the subjects to be stressed or rhythmical syllables; they were more
often marked as stressed by trained linguists; and they were more likely
to be the lexically stressed syllables of open-class words, such as nouns,
verbs, or adjectives.

The means of the distributions of responses were subject to biases
(displacements) resulting from differences between subjects, differences
between syllables, and differences within the subjects over time. These
biases were more consistent and more easily calibrated in the tapping
experiment than in the click placing experiment. The displacement of a
subject's responses to a syllable was found to relate to the length of
the consonant sequence preceding the nuclear vowel of the syllable.

Because agreement was found between perceived stress rhythm and
tapping behavior, it was concluded that conversational English has rhythm
and might therefore be stress-timed. Since bias in the location of tapping
can be calibrated, the time between successive beats in the rhythm of an
utterance can be measured; therefore the hypothesis that English is a
stress-timed language may be tested.
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Introduction and Survey of Pertineer=tersture

1.0 Introduction

Rhythm is the structure of temporal intervals in a succession of

events. An investigation of the rhythm of English necessarily encompasses

not just the description of the temporal patterns of English, but also

a description of the relationship of those patterns to the time-keeping

abilities of English speakers and, in part, an understanding of the

mechanism that produces and perceives the 'events" of speach.

Briefly, the term 'stress-timing' (or isochronism), as it is applied

to English speech, means that the stresses, whatever they may be, mark

off equal time periods. Here a "stress" is an event which we assume to

occur at a point in time; thus, the temporal distance between successive

"stress- points" remains constant. Physical time is a continuous and

uniform phenomenon, as far as behavioral science is concerned, but be-

havioral time is something notoriously dis-continuous and non-uniform.

The "constancy" of the temporal distance between events may therefore

be considered as either physical or behavioral, with a corresponding

change in meaning of the definition of "speech rhythm.' For it is

easily demonstrated that physically equal time periods can be perceived

as quite different, and perceptually equal periods are measurably differ-

ent (Woodrow, 1909, 1951). The other undefined word in the definition

of isochronism is "stress". Stress is felt intuitively by native speakers

of English, but it exact nature has eluded description. Various defi-

nitions have been offered in terms of intensity of the speech wave,

pitch level, muscular or psychophysical effort of production,

and other phenomena, along with all possible combinations. The treatment
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of this problem by Fonagy (1958) is good, although biased toward a

definition in terms of muscular activity. It is obvious that different

conceptions of stress will lead to different definitions of "stress-

timing"; care must be taken to remain as free as possible from a priori

constraints when answering an ill-defined problem. It seems clear

that whatever stress may be for stress-timing, it must be perceived as

a rhythmic accent. rative speakel.s feel that their speech is rhythm-

ical, but this rhythm will be defined by accents whose accentual role

extends to other functions, such as lexical stress and contrastive

accent (Trager, 1941); there may be accents whose existence as accents

derives solely from rhythmic constraints.

There is the further problem of attributing to a given "stress"

a time of occurrence. For if temporel patterns are to be given anything

more stable than an intuitive definition, actual time periods must be

measured. These time periods require end-points, and for the measurement

of isochronism, these points must be the times of occurrence of the

stresses.
1

1.1 1%ature of the Thesis

It is the purpose of this research to investigate rigorously some

behavioral aspects of isochronism in spoken English. "Rigor"

implies that intuitive concepts are acceptable in theoretical statements,

if, and only if, there is agreement between the intuitions of various

native speakers. An example of a term not acceptable in this light

1It is quite possible that "point" is not the best term for describ-

ing the event in question (occurrence of stress), and that time periods

must be described as statistical quantities. This shift of emphasis

away from absolute time events is methodologically very useful in measur-

ing behavioral time.
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would be "stress", whose precise nature and function has so far eluded

consensual definition. Whenever there is agreement, however, it will

serve as a fact from which to build toward a theory. The choice of the

behavioral domain is based on a belief that not enough is understood about

the meC'anism of speech production, the structure of language, or their

interaction to warrant conclusions about speech rhythm. Rhythm is a

basic element of prosody, and prosody is that level of language where

the message and the process of expression interact most closely.

The purpose of Chapter I is to review the historical matter pertinent

to speech rhythm so that a reasonable statement of the meaning of stress-

timing can be made. The five general categories into which the literature

has been subdivided in Section 1.2 correspond to different behavioral

aspects of the problem. Sub-sections 1.2.1 and 1.2.2 concern themselves

with the perception of time and rhythm,respectivelr. Since behavioral time

is not identical with physical time, it is important to know the relation-

ships between the two. The manner in which rhythm is perceived is im-

portant since, if speech rhythm exists, it probably is as important for

the listener as it is for the speaker. Kinesthesis, the bridge between

production and perception in the motor domain, is treated in Section

1.2.3. The last two sections review work on motor production of syllables

and stress (1.2.4.) and behavioral studies attempting to locate a rhyth-

beat associated with syllables or stresses (1.2.5.). Following

the review is a recapitulation of Section 1.2 (1.3.1), a discussion of

how one might prove the existence of stress-timing in English (1.3.2),

and a statement of the purpose of the present study (1.3.3).

The empirical studies reported in Chapters II and III represent

an attempt both to exhibit behavioral regularities in the perception

of rhythm and, more importantly, to make very clear what kinds of
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statements may be induced from the data. The form of the experiments

parallels to some extent previous studies on rhythm in English (Miyake,

1902; Hollister, 1937; Classe, 1939; Newcomb, 1961), and some comparison

with this historical matter is therefore possible. Data analysis is

carried furth4r, however, than in these previous studies, with a resul-

tant increase in confidence in making probabilistic statements. Although

the development of the techniques of experimental design has been

considerable in the last few decades (post- R. A. Fisher), recent

investigators have either ignored or been unaware of the existence and

utility of these techniques.

1.2 Survey of Pertinent Literature

Experimental studies of rhythm and time perception (two closely

related phenomena) are too numerous to be reviewed here completely.

This discussion concerns only the results that bear on the problem of

speech rhythm.

1.2.1 Perception of Time

Long intervals tend to be perceived and reproduced as shorter than

they actually are, and short intervals tend to be perceived as longer.

This centralizing tendency has resulted in experimental definition of

the so-called "indifference interval" (Woodrow, 1951, p. 1225) which

is neither shortened nor lengthened. Investigators have found differing

values, depending on their subjects and research methods, but a value

of 0.5 to 0.7 sec, seems to have some generality (Woodrow, 1951, Fraisse,

1963).

Fraisse (1963) reviews extensively the work on the auditory per-

ception of duration, in which the successive defining events are relatively
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simple sounds, such as clicks or pure tones. He found that for two

successive temporal intervals, defined by four acoustic events (where

the 2nd and 3rd may in fact be the same event, yielding two immediately

successive durations), the perceptual judgment of the relative duration

of these two intervals depends on many different factors. The more

important of these for the present work are the intensity, pitch, and

duration of the delimiting stimuli (Fraisse, 1963; Woodrow, 1909).

For example, an interval seems shorter in duration as the .:wo stimuli

bounding it become more intense, provided these two stimuli are of equal

intensity, or if the more intense stimulus begins the interval; however,

for short intervals, if the final stimulus is the more intense, greater

intensity leads to shorter perceived duration. With respect to pitch,

the higher the pitch of the delimiting stimuli, the longer will seem the

interval. Also, the greater the difference in pitch between the first

and second sounds, the greater will be the perceived duration, as long

as there is little harmonic relation between the pitches (such as an

octave difference). If the duration of the delimiting sounds, or just

that of the first one, is increased, the perceived duration increases;

if the longer stimulus comes last, the interval seems shorter.

All of the above results refer to so-called "empty time" intervals,

that is, intervals set off by two stimuli between which no physical signal

is present. However, there is very little silence during the speech

process; it is necessary, therefore, to know what happens to the per-

ception of an interval when it is "filled". Fraisse reports that the

indifference effect also holds for filled intervals, that is, shorter

(longer) intervals are over-(under-)estimated where shorter (longer)

is with respect to the "indifference interval", presumably of the same

order of magnitude as for unfilled time. If an interval is subdivided
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by discontinuous stimuli," ... a divided interval appears longer than

an empty interval of the same duration ... and an interval with more

divisions appears longer than one with fewer ... Furthermore, the (inter-

val) that is evenly divided appears longer than that which is irregularly

divided" (Fraisse, 1963, pp. 132-133). More intense or higher pitched

continuous sounds will appear longer than less intense or lower pitched

ones. Although the intensity levels used in the various studies are not

reported, the pitch values range from just over 100 cps to 3000 cps, a

valid range for speech studies.

The results of studies comparing empty with filled intervals are

not clearcut, according to Fraisse (1963). If the empty interval follows

the filled, the first filled interval appears longer (provided they are

physically equal); however, this effect is open to interpretation on a

different ground, namely that of the attitude of the listener. Fraisse

suggests that the change in perception may be due to a change in the

listener's focus of attention, this process of focusing being essen-

tially different from the perceptual processes governing the other

temporal judgments studied. Other results on filled vs. unfilled inter-

vals show little or no difference in perception or behavior toward them.

When subjects are asked to reproduce a standard interval by some

behavioral response, usually tapping the finger, the accuracy of repro-

duction is different for different sized intervals, (Woodrow, 1951).

Accuracy seems greatest at the lower end of the interval size scale,

i.e., from 0.2 sec to 2.0 sec, where the standard error of reproduction

(i.e., the standard deviation of the distribution of reproductions)

is about eight per cent of the given interval. The standard error

increases to about 16 per cent in the 4 to 30 sec interval-size range.
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Dut for purposes of speech rhythm studies, the lower range would seem

more appropriate, since the rate of temporal succession of rhythmical

stresses usually falls within those bounds.

In the comparison of two given intervals, attitude has an effect on

perception, as was suggesteL in the comparison. of empty with filled in-

tervals. Woodrow (1951) suggests that two different oppositions of atti-

tudes are in evidence in existing data (see also Fraisse, 1963). The

first opposition is that of the subject's perception of the two intervals

plus the intervening pause as a single unitary pattern, with whatever

accents and rhythms may result, as opposed to his perception of the

second interval as a stimulus to be matched against the first one, for

which he has an immediate memory. In the first case, judgments would

presumably be based on the overall effect of the two intervals plus the

intervening pause; in the second case, judgments would probably be

based on the results of the matching process. The other opposition is

that of objective to subjective attention to the stimuli. "In the ob-

jective attitude attention is centered upon characteristics of the

stimulus ...; in the subjective attitude the subject intentionally

abstracts from, or ignores the objective stimulus and concentrates upon

the experience of duration" (Woodrow, 1951, p. 1128). Woodrow takes

care to point out that these oppositions are meaningless unless some

behavioral differences can be shown to arise from them through "differen-

tial instruction" of subjects. He cites two examples in which (1)

subjects' perceptions of interval length changed as a result of active

vs. passive attention to the second interval and (2) the length of 4he

reproduced interval changed with attention to the stimuli and to the

duration.
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1.2.2. Perception of Rhythm

Another set of studies has concerned itself with the way in which

rhythm is perceived, that is, the manner in which stimuli become organized

temporally into a structured pattern. "The nature of the perceived group-

ing ... of a series of stimuli is largely, but not entirely deter-

mined by the characteristics of the stimulus series. The most important

of these characteristics are the relative intensities of the members of

the series, the durations, both absolute and relative, and their tem-

poral spacing for example, with equal temporal spacing, and not too

fast n, rate, and every second sound louder than the others, the series

of sounds tends to be heard in groups of two, with the louder sound

beginning the group. If, however, the interval following the softer

sound is decreased while that before it is correspondingly increased, a

point is reached where grouping occurs with the softer first and the

louder sound second. ... As regards the effect of the relative duration

of the stimulus, when intensity and temporal spacing are uniform, if every

second sound is longer, the probabilities are in favor of the second

sound [as] the second member of the group." (Woodrow, 1951, p. 1223).

Even if there is no objective difference between the stimuli in

the sequence, rhythmic grouping still takes place. This grouping can

be a result of subjective, involuntary, kinesthetic movement, of which

more will be said in the next section, or of intentional movements or

other rhythmic actions. In the absence of objective difference, any rhyth-

mic grouping must be entirely subjective. "The number of members

grouped together in one rhythmical measure is increased from two to six,

or more, with increase in rate." (Woodrow, 1951, p. 1233). Different

rhythmic groupings can take on different meters (accent patterns).
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The important point here is that rhythmic grouping apparently is natural

and perhaps unavoidable in the perception of temporal phenomena. This

would suggest that a person looking for rhythm in the temporal succession

of stresses would likely perceive it subjectively in the absence of an

objective rhythm.

1.2.3 Kinesthesia

One of the fascinating aspects of rhythm is the kinesthetic reactions

we have to it. The seeming inexorability with which motor reactions

accompany our perception of rhythm has forced many investigators to the

conclusion that rhythm, when viewed as a behavioral phenomenon, is largely

a motor activity. This means that the organization or "structuring"

of the temporal sequence is carried out in the motor system rather

than, say, the auditory or higher-order language system. If this is

so, then a lot can be said about the role of rhythm in speech, for one

can focus attention on the purely motor aspects of speech for the def i-

nition of this role. Stetson, like many workers before him, assumed that

rhythm of the kind we have talked about above is basically a motor phe-

nomenon. He wrote that "... as a general theory, the motor hypothesis

needs no defense. Its only competitor was the 'mental activity' theory

which is manifestly incapable of explaining the peculiarities of the

unit-groups and of larger groupings" (1905, p. 225). Stetson did not

deny that rhythm can have affective or emotional meaning but he did

believe that such emotional coloring results from an interaction of the

motor system with these other systems. He believed that the perception

and interpretation of rhythm are always mediated through the motor system.

He wrote at length on the different muscular movements and strains that
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accompany the perception of rhychm. Ruchmich (1913) studied kinesthesia

in the perception of rhythm, attempting to find from introspective reports

the different kinds of kinesthesia and their importance in the perception

of rhythm. He concluded that kinesthesia changes qualitatively as well

as quantitatively throughout long attention to a rhythmic stimulus, but

more importantly, he found that visual imagery or auditory imagery or

sensation can substitute for kinesthesia in rhythm perception only after

the perception was established. In other words, kinesthesia was neces-

sary for the primary perception of rhythm. This primary role becomes

all the more important for the study of speech rhythm when we discover

the degree to which the speech mechanism is active in this kinesthesia.

Stetson wrote the most important natural rhythm-producing apparatus

is the vocal apparatus... The tongue... and the muscles of respiration

play a frequent part in rhythmicization" (1905, p. 257). Woodrow elabor-

ated on the sensations of strain that accompany the subjective attitude

toward rhythm as follows: "The strain may be described as a feeling,

as strain of attention, as strain of expectation or as a group of

kinesthetic sensations. The sensation of strain may apparently originate

in almost any part of the body. Frequently mentioned are sensations of

strain from the arms or hands, from the muscles involved in breathing,

and from the vocal organs, the latter being sometimes accompanied by aud-

itory imagery" (1951, p. 1228). Bolton reported the most common movements

to be of the foot, head or trunk, but also mentioned that "... slight

or nascent muscular contractions were felt in the root of the tongue or

larynx" (1894, p. 91).
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1.2.4 Motor Activity in Rhythm and Stress

It is obvious that there is also muscular activity in the produc-

tion of speech, but it has not been proven that muscular activity is the

exclusive definer of speech rhythm,. Since the syllable and its associated

stress have always been central to the notion of rhythm in speech, the

nature of these elusive units has been studied in relation to the mus-

cular activities that might produce them. Considerable effort has

been directed at describing the role of the respiratory muscles in

"creating" syllables and stresses. Probably the foremost exponent

of the respiratory-motor theory of syllable and stress production has

been R. H. Stetson (see especially his Motor Phonetics, 1951), who

believed that each syllable is initiated by a "pulse' of internal inter-

costal muscle activity, and that the main stresses of a breath group

are produced by pulses of the abdominal muscles, principally the rectus

abdominis. His conclusions were based on evidence drawn from pneumo-

graphic studies of body wall movements and some electromyographic data,

both correlated with the actual utterance. Stetson's work has come under

considerable criticism, however, and Cooker wrote that " ... respiratory

activity during the production of speech is not well understood" (1963,

p. 1). Several investigators have used electromyographic techniques in

an attempt to identify specific muscle group activity during speech.

Draper, Ladefoged, and Whitteridge, in a series of articles (Draper

et al., 1957, 1959, 1960; Ladefoged et al., 1958; Ladefoged, 1960),

proposed a fairly simple model for respiratory muscle activity in

speech. They indicated that the respiratory muscles are used to main-

tain a relatively constant mean subglottal pressure as a source of air

flow for the articulation of the speech at the larynx and above. They,
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like Stetson, compared the chest to a bellows, whose open end is the

glottis and whose contracting force is supplied by the respiratory

muscles. But while Stetson assumed that other "larger outside muscles

and abdominal muscles" (1951, p. 1) account for the overall decrease in

lung volume, Draper et al. (1959) imagined between the handles of the

bellows a spring that produces a force analogous to the relaxation pres-

sure of the lungs. This relaxation pressure is not constant, but varies

directly with the volume of air in the lungs. Thus, in order to main-

tain relatively constant pressure below the glottis (and therefore in

the lungs) throughout a long utterance, force must be applied against

the relaxation pressure when, at high volumes, it is greater than what is

needed and along with it when there is less air in the lungs. They

interpret their electromyograms of various muscle groups as showing that

the external intercostals are inspiratory in function and are used at

the beginning of an utterance when the relaxation pressure is too high.

The internal intercostals are expiratory, and are used more as lung

volume decreases. They also are used in a pulsing manner to produce the

stresses of the utterance. At very low volumes, other muscle groups

assist the internal intercostals in further diminishing the chest cavity,

these being the latissimus dorsi, rectus abdominis, internal and external

obliques and the diaphragm. They did not find a separate pulse of inter-

costal activity for each syllable, but they did find a suggestive cor-

relation between such activity and the major stresses of the utterance.

Eblen, as reported by Cooker, in a surface-electromyographic study

of speech breathing, " ... suggested that muscle activity patterns during

speech are strongly influenced by the depth of inspiration which precedes

the utterance and closely related to the maintenance of a constant mean

subglottal pressure" (Cooker, 1963, p. 12).
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Fonagy investigated internal intercostal activity in stressed and

unstressed syllables in short Hungarian, Russian, and English utterances

using both surface and needle electrodes. In the study using surface

electrodes he found that "... the muscle activity increased in every case

on the accented syllable" (1958, p. 28). The use of needle electrodes

produced a very high, but not perfect correlation, between relative

stress of a syllable and the increase of internal intercostal activity

(1958, p. 29, Table III).

Hoshiko (1962) found a different pattern of activity of the various

respiratory muscles in speech from that pictured by Draper et al.,

although this result may have been due to differences in speech mater-

ials used. He used sponge surface electrodes, placed according to

Stetson's and others' suggestions, to investigate the pattern of activ-

ity in the internal and external intercostals and the rectus abdominis.

He found that all three muscle groups were active synchronously in the

production of sequences of syllables, and that their pattern of activity

did not change according to the rate of syllable production. He found

that among the three muscle groups, the internal intercostals contract

first, then the rectus abdominis, and finally the external intercostals.

There was also a characteristic pattern of termination of muscle activity

after the onset of phonation. Hoshiko found also that the internal and

external intercostals work together in inspiratory as well as in expi-

ratory phonation. These findings are in direct conflict with the model

of strictly inspiratory and expiratory roles for the external and internal

intercostal muscles, respectively.

Cooker noted both the difficulty with which electromyograms may be

interpreted as showing activity of specific muscle groups and the amount

of disagreement among investigators in the field. He studied the rela-
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tionship between body wall movements, as measured by strain gages, and

intra-oral pressure, in order to determine if their time relationships

indicate that increases in pressure can be attributed to increased

muscle activity or, conversely, the movements of the chest wall are

attributable to back pressure from articulatory closure. He found

that at slow rates of syllable repetition (one per sec) "... the

sequential relationships ... indicate the presence of some type of

preceding activity, possibly an expiratory contraction of the respira-

tory muscles, which is an integral part of the syllable..." (1963,

p. 42). At higher rates of repetition (two and six per sec) , move-

ments of the chest wall were attributable to articulatory back-pressure

in the cases of syllables with a stop consonant (/pa/ and /ba/), but

not those with a laryngeal fricative (/ha/), where again the chest move-

ment preceded the consonantal articulation. In the records for connected

speech, Cooker found a closer correlation between chest wall movements

and the number of vocal tract constrictions than he did for movements

and syllables. He concludes his study with the inference that " ... the

speech breathing processes combine articulatory valving of a relatively

steady background pressure with expiratory contractions of the muscles

of respiration to produce the wide variety of pressures necessary for

speech" (1963, p. 68).

Peterson (1958) found that a woman whose respiratory muscles were

paralyzed but who had normal use of the laryngeal and supra-laryngeal

articulatory musculature was able to produce "normal" speech during the

expiratory phase of her iron lung. She appeared unable, however, to

produce strong stress or loud speech. This evidence supports the theory

that normal speech is, as Draper et al., and Cooker propose, a process

of articulatory valving with the degree of stress correlated with the

activity of the respiratory muscles.
16
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1.2.5 Location of the Rhythmic Beat

The importance of motor systems in the rhythm of speech has re-

ceived support from two areas of study, that on kinesthetic reactions

to rhythmic stimuli and that on the functions of the respiratory and

articulatory musculatures in the production of syllables and stresses,

the obvious candidates for carriers of speech rhythm. Another area of

investigation important for the elucidation of speech rhythm involves

behavioral studies defining the "point of occurrence" of the stress

or rhythmic beat by some motor activity, generally tapping of the

finger or hand "in time' to the produced or perceived rhythmic stimulus,

speech or otherwise. Miyake investigated the tapping behavior of sub-

jects under various conditions of rhythmic constraint. In one study,

he instructed subjects to move a lever, connected to a recording drum

by means of a Marey tambour," ... up and down successively at irregular

intervals at a rather rapid rate" (1902, p. 1). In a similar study

subjects tapped a key in electrical connection with a Deprez marker and

recording drum "... at intervals as irregular as possible, the slowest

speed of two successive beats being limited to about one second" (1902,

p. 2). He found repetitions of equal muscular intensity and alternation

of strong and weak intensities in the first study, use of simple multi-

ples of time intervals and alternation of long and short intervals in

the second, and many successions of equal intervals in both studies.

Further, the effort involved in behaving "arhythmicallyh was considerable.

In a second experiment, subjects beat on a noiseless key in time

with either an auditory click or visual flash presented at a rate of

one per second. The taps varied less in the auditory case than in the

visual case, but there was marked tendency for the taps to precede the
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clicks (approximately five csec, on the average), this tendency not being

as apparent in the visual case. Experiments of this kind for the audi-

tory case have also been run by Johnson (1898) and Scripture (1397).

Johnson found that subjects' taps preceded the click at first, but some

subjects learned through practice to match the click more closely. The

rate of click presentation was again one per second. Scripture (1899)

noted that " ... most persons regularly beat time just before the signal

ocr,:c7 ...", but the data to which he referred (Scripture, 1897, p. 182)

point to great variation between subjects and as much tapping after

the beat as before.

Paillard (1946-1947) investigated the degree to which different

motor organs (left and right index fingers, left and right heels and

the lower jaw) could move simultaneously. The degree of precession of

one organ by another was recorded by the deflection of an oscilloscope

beam by the signal from a Wheatstone bridge whose two arms contained the

contacts for the two organs. Under one condition subjects were told to

move a given pair of organs simultaneously. Under the second condition,

subjects moved them as soon as possible after an external signal was

given. The resulting time differences for the various pairs of organs

show these two tasks to be very different. In the first case, when the

movement is voluntary, the organ moved first is the one which is farthest

from the central nervous system in nerve transmission time. Paillard

suggested that in this case the subject moves the two organs in such

a way that the kinesthetic feedback impulses from the motions arrive in

the cortex simultaneously. In the second case, where subjects reacted

simultaneously, the time differences for the different organs seemed

to be related to the simple reaction times for those organs. The order
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of magnitude of the non-simultaneity of motions was least for symmetric

organs (right and left index fingers, or right and left heels) and less

in the voluntary case then in the reactive case. A typical value would

be one csec.

Miyake (1902) investigated the effect of auditory and visual feed-

back on tapping behavior. He constructed an electrical circuit so that

the pressing of a noiseless key produced a spark whose visual and auditory

energies were great enough to serve as feedback stimuli to mark the tem-

poral occurrence of the tap. When the spark was behind a curtain, the

subject could hear but not see it; the visual stimulus without the sound

was effected by placing the spark gap inside the inner of two concentric

glass tubes. Subjects tapped on the noiseless key at what they considered

to be constant intervals of time, the rate of taps being left to their

own choosing. Miyake found that the presence of an auditory feedback

influenced subjects to produce generally shorter and more regular inter-

vals. That is, both the mean interval length and the variability of these

lengths about their mean decreased if the subject heard a click when he

tapped. Visual feedback also tended to lower the mean interval length,

but variability was not decreased. It should be noted that variability

was reported as the ratio of the probable error ( = 2a/3, where a is

the standard deviation) to the average interval length, where there

were usually ten intervals measured. There were 24 such ten-interval

sets for four subjects in the auditory feedback task, and 28 ten-

interval sets for three subjects in the visual feedback case. In a

third series of experiments, Miyake investigated the effect of accentu-

ation on produced interval size when subjects tapped and beat on a drum

in various simple meters. He found, in agreement with Woodrow's (1909)
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perceptual experiments, that the interval whose beginning beat is accen-

tuated is lengthened, and that the last interval in the metric group is

lengthened. (Stetson [1905, ff.] showI similar results for iambic group-

ing, but his results for trochaic grouping were not clear.) Miyake ran

two final series of experiments involving intensity and time in rhythmic

speech. In both of these studies he used a laryngeal frequency trans-

ducer with a platinum diaphragm and the noiseless tapping key. Subjects'

vocalizations caused the diaphragm to vibrate into contact with a platinum

point, thus completing an electrical circuit. The times of contact and

no contact were recorded on a revolving drum. Accurate measurements

of laryngeal frequency, but not amplitude, were possible. The first

of the two studies concerned itself primarily with the relative lengths

of intervals demarcated by rhythmic phonations of the vowel /a/ as mea-

sured from the onset of phonation, and with the lengths of the phonations

themselves, under different metrical conditions. Secondarily, Miyake

studied the pitch relationships of the various accented and unaccented

syllables. The interval lengths paralleled the results of the tapping

experiment. Higher pitches and greater pitch changes were found to be

associated with the accented syllable. Perhaps, as Miyake suggested,

this correlation completes the tripartite interrelationship of greater

intensity, longer duration, and higher pitch as accenting phenomena

(see Section 1.2.1). The final experiment is of fundamental importance

for the rhythm of speech. Subjects "... recited a syllable in a scanning

manner while beat[ing] time on the noiseless key with the finger of

... [the] right hand (generally the index finger), the rate of movement

being left to [their] choice' (1902, p. 40). Nine syllables, /a/, rla/,

/ma/, /ha/, /pa/, /ap/, /a.p/, /mam/, and /mam/ were used. Each subject
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generated ten syllable-taps in a row for a given experimental trial.

Not all subjects tapped to all the different phonetic syllable types.

In each of the ten syllable-plus-tap records Miyake measured in msec

the time interval by which the tap preceded the onset of the vowel.

Again the mean and probable error (2a/3) are tabulated along with the

number of measurements used in each calculation and the numbers of cases

in which the tap preceded and succeeded the vowel onset. The numerical

values are given in Table 1. They show that the tap generally preceded

the onset of the vowel. These data will be discussed further in relation

to the data gathered in the present study. Miyake noted that one problem

in interpreting these data is whether the tap can be taken as the actual

"point in time" of the syllable beat, or whether errors caused by the

time of neurological and mechanical transmission displace the tap from

the perceived beat. He qualified his conclusions about the answer to

that question. Note that subjects had been found earlier by Miyake and

Johnson to tap before a perceived acoustic rhythmic stimulus, but this

says nothing about where a tap would fall in relation to a self-generated

rhythmic speech signal. Also, it is not clear that the onset of the

vowel can be measured reliably in msec. Since the time of onset is taken

as the time of the first contact of the diaphragm with the platinum

point, weak vibrations or heavily attenuated vibrations would not be

recorded. This objection applies less to the syllables Pa/ and /pa/,

where the onset would be sharp, than to the others which begin with

the vowel /a/, the voiced consonant /m/, or the laryngeal fricative /h/.

Wallin had subjects read pieces of poetry in such a way that the

feet were equal in length. He measured the variability of the resulting

interval lengths when the subjects tapped while they read and when they
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Syllable

/ma/

/pa/

/ha/

/9a/

/a/

/4/

74/

/Am/

/mam/

-20-

Table 1

Sulam ar of Mi Tapping to Syllables

(After Miyake, 1902, p. 44)

Average Time of Beat

Before Vowel

Number of Measurements

132 msec 210

143 206

118 190

131 70

52 120

59 100

52 90

57 80

62 80
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did not, and found that the variability (probable error, as before)

was less (one to two csec) when they tapped than when they did not (six

to seven csec). (See Wallin, 1901, Tables LXII, p. 115, and LXXV,

p. 121.) His method of interval measurement is open to criticism, how-

ever, as he slowed down the speech " until a group of rapidly recur-

rent sounds, which had previously appeared as a homogeneity, was split

up into discrete elements of sound separated by gaps... It is the time

of these several sensations [of sounds], as well as the time of the

intervals of silence between them, that was measured" (1901, p. 24).

What these sounds and silences correspond to in the acoustic signal is

not clear, although he equated them with vibrations, both strong (sound)

and weak (silence), and "changes in the condition of the vocal organs"

(1901, p. 24). He does not state what relation these vibrations and

conditions have to the rhythm, except that he wished to break the utter-

ance into "separate syllable groups." Furthermore, data given in csec

derived from measurements as gross as 1/32 of a second are not reliable.

Hollister (1937) investigated the movements of subjects' hands as

they tapped while reciting poetry from memory; he wished to elucidate

the nature of the "syllable impulse" as a motor-phonetic unit and felt

that the hand movements would mirror subjective impulse feelings. He

found that when subjects were instructed only to tap while reciting they

tended to tap once for each syllable. Simultaneous kymographic recor-

dings were made of subjects' vocalizations, by means of goldbeater's

skin drum heads, extra-oral and extra-nasal pressure, by means of a

flexible rubber dam connected pneumatically to the kymograph, and taps

on two tambour boxes, one for the finger tips, the other for the heel

of the hand, and covered with heavy rubber, also connected pneumatically

to the kymograph. The utterance was also recorded by dictaphone.
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Subjects made several records-in various postures and under various

instructions as to whether and how they should tap. Besides finding

that subjects tend to tap once for each syllable, he found that the tap

is synchronized with ...that point in a syllabic unit where the en-

ergies of breath pressure, vocalization, and articulatory stroke combined,

reach their moment of climax... The average variation from simultaneity...

is plus or minus .020 sec" (1937, pp. 8283). Tapping did not seem to

disturb the rhythmic patterns of speech that were produced in the absence

of tapping. The hand tapping movements tended to match the syllable char-

acter in "duration of hold" and "intensity of hit" while passive and

unconscious hand pressures similarly matched the longer phrases of the

utterance. Unfortunately, he did not calibrate his apparatus for time

delays in the different recording systems, and he gives no indication

of the error measurement resulting from changes in recording speed of

the kymograph. The speed was 61 mm per sec and his measurements were

in mm, or, to the nearest 1/61 of a sec. Again, such an accuracy as in

the .020 secs reported above is not justified by such a system.

Classe (1939) replicated Miyake's last experiment in an attempt

to make a more general statement about the location of the syllable

beat in rhythmic speech. He had subjects tap on a key while they recited

isolated lines of verse, the different lines chosen for an overall re-

presentation of sequences of initial consonants on the accented syllables.

The speech wave, the subjects' taps, and a time signal (frequency not

given) were recorded on a smoked paper drum and measurements were made

in units of .005 inch from the time of the subjects' taps to the time

of explosion for plosive consonants and to the time of the onset of the
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nuclear vowel after all other consonants. He computed means and stan-

dard errors for these time differences and calculated confidence inter-

vals of the mean equal to ±2 standard errors far the different consonant types.

Using these confidence intervals, the largest of which was about 3 csec

long, and shifting them according to a one csec lag time associated with

the recording apparatus, he concluded that the "point" of stress (see

Classe, 1939, p. 17) comes "(a) at the moment of plosion of breathed

occlusives; (b) after the explosion of voiced occlusives; (c) at the

moment of maximum deviation of the recording-pen for fricatives; (d)

just before the beginning of the vowel in the case of all other conso-

nants, except (h)" (1939, p. 45). He concluded further that this kind

of stress is "... mainly a subjective notion... depending] more on

motor factors than on auditory ones." He finds his data to be in line

with Miyake's, except in the case of /mam/. This alleged correspondence

is difficult to see, at least in terms of absolute time measures.

Miyake's data for the syllable /ha/ show the tap to precede the vowel by

an average of .12 sec, while the corresponding figure from Classe's

work is .004 sec. The 100 cosec difference is not close agreement.

For the syllables beginning with /m/ there is similar disagreement.

No other comparisons between the two experiments are possible. The

only agreement between the studies is in the conclusions, namely that

the tap precedes the nuclear vowel in most syllables. Classe, like Miyake,

thought the question of whether or not the tap can actually match the

stress point to be important and unanswered (1939). Unlike Hollister,

Classe thought the overall task of tapping to the syllable beat to be

a difficult one (1963). As in previous studies, the degree of accuracy

assumed was not justified. With a probable timing signal frequency of
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100 cps, his unit of measurement of .005 sec required dividing each

cycle of the timing signal into two. This is quite reasonable (see Classe,

1939, Figure 13, p. 33, for scale size) but his means and standard devi-

ations could not then be given in msec, with three significant figures.

Likewise he assumed his one csec delay factor to be valid for all record-

ing conditions, and he admitted that only one significant figure is

allowable in this factor. Another statistically questionable procedure

was the pooling of data from taps gathered on different syllables, as

in "sort" and "sinking" (1963, p. 26). It has not been established that

the interval between tap and acoustic cue is not dependent on nuclear

vowel or rate of speech; even the pooling of data for different utter-

ances of the same syllable raises questions of the forms of the resulting

distributions.

A different sort of experiment on location of syllable beats has

yielded similar results. Newcomb (1960, 1961) wished to measure the

change in syllable lengths under different conditions of rhythm as

indicated by changes in the grammatical structure of utterances. In

order to establish syllable boundaries, he had subjects synchronize their

utterance of the successive syllables of a sentence with a sequence of

clicks set at the rate of three or four pulses per second. Subjects

apparently had no difficulty in this task, and Newcomb found by spec-

trographic analysis of the resulting speech plus clicks that "... the

time marks coincide with the release of the last consonant before the

onset of voicing" (1960, p. 29). In a second experiment, using a magne-

tized razor blade, he placed pulses by hand both at these "desirable"

places and elsewhere in the syllable. "If these pulses were placed at

any point other than the last consonant release they seemed to lose all
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relationship with the speech and became merely random noises" (1960,

p. 31). He prepared pairs of sentences with clicks, one member of the

pair having the clicks at the "posited perceptual syllable boundary",

the other member marked "elsewhere". "The trained listeners ... had no

trouble identifying the sentence in which the pulses seemed to coincide

with the rhythm of the syllables [present writer's emphasis]" (1960,

p. 32). In a later experiment he allowed subjects to move a click

around in a given syllable of an utterance on a tape loop. Through

hearing the utterance repeatedly, the subject was able to place the

click at the location of "optimum sensation of coincidence [with the

syllable]" (1961, p. 3). Again the preferred location was the point

of H... release of the last consonant before the syllable nucleus...

In the case of voiceless obstruent consonants, the point of demarcation

occurs at the release of the consonantal articulation. When semivowels

separate syllables, the point... falls at the beginning of the return

from the extreme point of formant deflection toward the position of the

following vowel." Although Newcomb was searching for syllable boundaries,

it seems quite likely that subjects considered the click as an accent

(or rhythmic beat, in the earlier case of repeated clicks) with which

they were to match the syllable accent. This is especially clear in the

experiment where subjects distinguished the sentence whose clicks matched

the syllable rhythm from the one whose clicks did not. The fair agree-

ment between the preferred click location and the times of tapping found

by Miyake and Classe is further substantiation of this hypothesis. The

disagreement in exact location may be attributable to the perceptual na-

ture of Newcomb's experiments or to errors in the measurement process

(his unit of measurement was one csec, and the distances between succes-

sive articulations can be of this order of magnitude).
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1.3 Recapitulation, Discussion, and Statement of Purpose

1.3.1 Recapitulation of Section 1.2

Classe writes that absolute equality of consecutive time intervals

is the exceptional case in English speech, even in poetry (1939).

There must be metric, grammatical, and phonetic similarity between the

speech segments comprising the two intervals before equality results.

That such strict requirements are seldom met in conversation, however,

does not rule out the existence of some form of speech rhythm. The

studies on the perception of duration and on subjective rhythm, discus-

sed in Sections 1.2.1 and 1.2.2 above, show that the listener is capable

of expanding and contracting time so as to perceive a pattern that is

not in the objective stimulus sequence. Logically prior to the perception

of possible speech rhythms is the production of such rhythms. Section

1.2.4 concerns itself with some mechanisms for imposing rhythmic con-

straints on normal speech; the mechanisms mentioned are indepenuent of

any perceptual process. The link between the production and perception

of rhythm in speech is kinesthesis, discussed in Section 1.2.3.

Sections 1.2.2, 1.2.3 and 1.2.4 can be put together to make a very

weak, but appealing case for the existence of a relevant temporal struc-

turing in normal speech. Miyake (1902) showed that it is difficult to

carry out certain motor activities in anything but a rhythmic fashion.

This may also be true of the motor activities of speech; but it is not

proven. Thus, there is with some probability a temporal organization in

the production of normal speech. Perceptually, moreover, listeners tend

to impose subjective rhythms on stimulus sequences, regardless of the

existence of any objective structuring in the sequence. They might do

the same with speech. In order for a temporal structuring to have rel-

evance for the communication process, however, there must be a close
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relationship between the rhythm the speaker produces and the rhythm the

listener perceives. Studies on kinesthesia suggest the possibility

of such a relationship. The argument hinges on the reports by subjects

of kinesthetic tensions in the muscles of the chest, throat and larynx.

It may be accidental that these speech organs are reportedly involved

in kinesthesis, or it may be that they play some important part in our

perception of rhythm. It is suggestive, however, that muscles that are

involved in kinesthesis are perhaps the very same muscles that are used

in speech production. The implication is that the produced rhythm and the

perceived rhythm of speech, if they exist, are related by the common

proprioceptive mechanisms of speech production and kinesthesia.

1.3.2 Discussion

As mentioned above, absolute equality of time periods is not to

be expected in English speech, but there are techniques of detecting

tendencies toward equality. One way in which a tendency toward equality

could be shown is statistical in nature. The hypothesis of stress-

timing implies that the time of occurrence of a stress is to some degree

dependent upon the time of occurrence of the previous two stresses.

That the timing of successive stresses is dependent upon the number

of intervening syllables has been suggested by Classe (1939) and

Halliday (1963) both of whom made measurements in support of this sug-

gestion. A statistical model for prediction of the timing of stresses

could be made both with and without dependence upon the preceding stresses.

Any increase in predictive power in the case of stress-dependence would

be evidence for the existence of stress-timing. A less sensitive statis-

tical hypothesis involves auto-correlating the sequence of intervals
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between stresses. If there is dependence of the length of one such

interval upon the immediately preceding one, then the autocorrelation of

the sequence of intervals will show an abnormally high value when Ts

the number of intervals the sequence is moved before being correlated

with itself, is equal to one.

At the level of individual sentences a tendency toward equality of

time intervals must produce changes in the pattern of time lapses in

actual utterances. It must be found that otherwise structurally compar-

able segments of speech change their temporal character depending upon

their rhythmic environment. One likely place to look for such changes

would be sequences of major stresses on successive syllables, as in "big

bug." If this phrase were imbedded in a sentence in which it is preceded

by one unstressed syllable ("I saw a big bdg"), the time between the last

two stresses should be less than if the embedding sentence has two prece-

ding unstressed syllables ("I saw a big bug"). This would be true at

least if as Classe and Halliday suggest, the preceding interval is larger

when there are two syllables than when there is only one.

1.3.3 Statement of Purpose

All of the above tests require that the time of occurrence of the

stress be known. Several investigators (Miyake, Hollister, Classe,

Newcomb) have shown that both speakers and listeners can treat spoken

prose and poetry as rhythmic and that the feeling of the rhythmic beat

of the syllable occurs at roughly the same position in the syllable

under many conditions of experimentation. It is the purpose of this

thesis to describe as fully as possible the measurability of this syl-

lable beat in the perceptual aspect of its occurrence. It has been
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suggested that behavior is different towards an externally perceived

rhythm than towards a self-regulated one. One cannot generalize there-

fore, from the listener's judgments of rhythm to the speaker's. One

requirement for the study was repeated measurements oa comparable syl-

lables so that reliable measures might be obtained. It is statistically

difficult, however, to obtain duplicate utterances in conversational

speech, and since this investigator wished to explore the temporal con-

straints of this kind of normal speech, the perceptual domain was implied.

One cannot say the same thing normally many times, but one can listen

to a recorded utterance over and over. Two measures of syllable beat were

used. One was a motor behavior well known by now, that of tapping the

finger in time to the rhythm of the utterance, or, equivalently, to the

beat of the syllable; the other was the auditory task of moving a click

around in the syllable until it matched the syllable beat. These tasks

have been used before, but the results have always been approximate.

Previous investigators were interested in moving on to higher levels of

strIcture before either the lower levels or the measuring tool itself

were well enough understood. The following questions were asked, there-

fore, regarding these two behavioral measures and their relations to

English speech rhythm: 1) Do different listeners tap their fingers

at the same point in time for a given syllable? If the answer is 'yes,"

then that point is fairly well established as the moment of the syllable

beat, given absolute synchronization of the tap with the beat. If the

answer is "no," however, not only must sources of variation be identi-

fied, but the range of variability between listeners must be established

in order to make statistical statements about time lengths.

2) Do different listeners place the click at the same point in the

syllable? Variation in this task has implications more directly related
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to the perceptual system. A close match in click placement but not in

taps would indicate that listeners hear the beat at the same time, but

cannot hit it.

3) Do listeners place the click where they tap? If they do not, then

the two tasks yield different results and cannot be measuring the same

phenomenon.

4) Are tap and click placements equally variable, or is one a "sharper"

indicator of a point in time? It is possible that one task is more

appropriate for locating the rhythmic beat; listeners would respond to

this appropriateness by giving more reliable responses in that task.

The relative magnitudes of variation are useful in formulating hypotheses

about the process of rhythm tracking, for if the variation of click

placement were greater than the variation of tapping it would be less

likely that the process of tapping involves a sequence of indentifica-

tion of the beat followed by the actual tapping, with a corresponding

addition of the errors of the two parts.

5) Are tap and click placements equally variable from syllable to syl-

lable, or can the listener respond more reliably on some syllables? A

lowering of variability for a given syllable might indicate that there

is a more clearly defined beat there. This change in behavior should

correlate with subjective feelings about the syllable.

The above questions all relate to the behavioral tasks as measures.

A question which relates these measures to other levels of the problem

of speech rhythm is:

6) With what physiologic-acoustic measures can the point of the syllable

beat be correlated? Can anything more specific be said than has been

said before?
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CHAPTER II - Experiments

2.0 Introduction

The questions asked at the end of Chapter I involve the syllable

beat in two ways. They ask first where it occurs in the speech wave or

in absolute time, and second what is its nature as a behavioral stimulus.

The second question is much more complex than the first and presup-

poses the first for a complete answer; in the light of previous studies

on the syllable beat, however, even the simplest questions require bet-

ter answers. Both Miyake (1902) and Classe (1939) used distributions

of measures in determining the location of the syllable beat, but since

they asked no "Yes-no" questions, the number of points in their distri-

butions was not critical. They sought to locate the beat in the acoustic

wave, and they imposed no a priori constraints on the accuracy of this

location. This kind of open question of beat location is exemplified

by Question 6 (p. 29) which asks for a clarification of the connection

between syllable beat and acoustic wave. But Questions 1 through 3 ask

questions about the exact location of the syllable beat for different

listeners, and it is because of this possibility of separation that dis-

tribution size is important. Questions 4 and 5 ask similar exact questions

about the variability of different subject's responses to different

syllables. Question 6 does not immediately suggest a refutable statement,

while Questions 1 through 5 have yes or no answers. Questions 1 through

5 can be translated into statistical terms by equating 'location of the

syllable beat" with "mean of the distribution of responses (taps or click

placements) for that syllable" and "variability of response" with "vari-

ance of the distribution of responses.' The questions then become
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statistical hypotheses about differences between means and variances

of distributions. Much is known about the testing of such hypotheses,

and the design of the experiments reported in this chapter is constrained

not only by the desire to give adequate separation between different

subjects' responses but also by the necessity of controlling for serial

order effects (e.g. learning) and of completing the design so that

conclusions are equally valid for all subjects and all syllables.

Two experiments were carried out, as suggested by the questions in

Chapter I. In the first experiment, the behavioral task was to tap the

finger to the beat of the syllable. Several finger taps to a single

syllable generated a distribution of locations; the mean and variance

of this distribution were used as measures to define the location of the

syllable beat andthe "rhythmicalness" of the syllable, respectively.

In the second experiment, a movable click was placed in the syllable by

the subject at a location where he felt he would have tapped, had he been

tapping as in the first experiment. Again, a distribution of click

locations was obtained for each syllable and again the mean and variance

of this distribution were used as measures of beat location and rhythmi-

calness. The results of the two experiments were then compared to see

if they were measuring like quantities. The numerical results of the

experiments and the application of these results to Questions 1 through

5 of Chapter I are discussed in Chapter III. Applications of these re-

sults to the speech wave, rhythm, and the question of stress-timing in

English comprise Chapter IV.
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2.1 Experiment 1

2.1.1 Subjects and Speech Material

Preliminary studies indicated that subjects differed substantially

in the location of their taps to a given syllable. Since the mean of

each subject's taps to a syllable was to be compared with the means for

other subjects on the same syllable, it was necessary to choose before-

hand a number of subjects and a number of taps for each subject that would

show the above-mentioned differences statistically. Since there was

considerable variability between subjects, a small number of subjects

was sufficient. Because a small number of subjects could be used, it

was further possible to represent each subject's speech in the stimulus

materials. In this way, each subject was able to react to his own as

well as the other subjects' speech, and some control of idiolectal dif-

ferences was obtained. Three subjects were engaged in conversation

in a sound-proof recording room and the resulting speech was recorded

through an Altec 633A boom-mounted microphone on an Ampex 350 tape

recorder. From the resulting hour-long tape recording three utterances

were chosen from each of the three subjects' speech according to the

following constraints:

(1) Each utterance should be bounded at both ends by a major

rhythmic juncture, i.e., a "long" period of silence or a linguistic pause.

This rhythmic boundedness is desired so that the utterance is as rhythmi-

cally "complete" as possible, that is, the utterance contains most of the

information about the location of the rhythmic beats. Such a criterion

is necessarily judgmental, since little is known of the acoustic nature

of rhythmic juncture.

(2) There should be some variation in rhythmic structure over the

several utterances. The metric structure and the strictness of the
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rhythm again had to be evaluated subjectively by the experimenter since

the absolute measurement of these attributes was not possible at the time

and was one of the major reasons for the experiment in the first place.

(3) There should be a broad sampling of phonetic types of syllable

onset in the rhythmically accented syllables. The studies reviewed in

Sections 4 and 5 of Chapter I indicated that the position of the beat

is a function of the articulatory structure of the beginning of the

syllable.

(4) Each utterance should be fairly even in loudness, so that aud-

ibility is not affected in shifting attention from one part of the utter-

ance to another. This criterion was not always easy to meet, as can be

seen from the speech power record of utterance #7 (see Appendix A),

where the last two words are spoken softly (this tendency toward lowering

the voice at the end of a phrase was characteristic of this subject's

speech). Overall speech level was normalized when tape loops were made

for experimental purposes.

(5) Utterances should be long enough that interesting rhythmic

patterns are derivable from them but they should not be so long that it

would be inefficient to play the entire utterance for a single response.

(6) There should be a fairly even distribution of the various

characteristics of interest (e.g., rhythmic structure, phonetic onset

types) over the three idiolects, making as complete a statistical design

as possible.

Spectrograms and mingograms showing the speech signal and speech power

of the nine utterances are given in Appendix A. Each utterance was re-

corded on a loop of 1/4 inch magnetic tape (Scotch Instrumentation #188)

approximately 30 inches in length. Exact tape loop lengths in sec for a

single revolution at 7 1/2 inches per sec (i.p.s.) are given in Table 2.
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TABLE 2

Loop Lengths in Milliseconds (at 7 1/2 i p.s.)

Before and After Presentation in Experiment 1

Subject 1 Subject 2 Subject 3

Loop 1 before

after

4002

4001

4003

4002

4002

4002

Loop 2 before 4003 4002 4002

after 4005- 4003 4003

Loop 3 before 4006 4006 4007

after 4006 4007 4007

Loop 4 before 4004 4003 4004

after 4004 4003 4005

Loop 5 before 4002 4002 4001

after 4002 4000 4002

Loop 6 before 3996 3999 4001

after 3998 3999 4001

Loop 7 before 4003 4000 4000

after 4002 4000 4000

Loop 8 before 4002 4004 4004

after 4003 4004 4004

Loop 9 before 3999 4001 3999

after 4001 4001 3998
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2.1.2 Experimental Apparatus

Figure 1 shows in block diagram form the experimental apparatus.

Each utterance was recorded on one track of a two-track loop of magnetic

instrumentation tape approximately 30 inches long. The actual lengths

are given in Table 2.

On the other track of each loop, positioned a few inches before the

onset of the utterance, was a click produced by touching the tape with

a magnetized razor blade. Subjects heard the speech from track 2, but

not the click from track 1. The form of each click was a single oscil-

lation whose positive and negative peaks were greater than 1 volt d.c.

in amplitude and approximately 1 msec apart. This pulse was used to

reset the frequency timer (hereafter referred to ab Cae "clock") by

initiating a fixed length pulse in a pulse generator. The onset of the

generated impulse stopped the clock which was then read by a printer.

The subsequent offset of the pulse restarted the clock. For this reason,

this pulse will be called read-time pulse. This scheme was used to stop

and start the clock because the time taken by the printer to read and

restart the clock was unknown and not easily measurable. The length of

the read-time pulse could be calibrated easily, however, by reversing

the polarity of the start and stop switches on the clock, starting at

the pulse onset and stopping at the offset. On the finger with which

subjects tapped they wore a copper thimble which was connected, in

series with a 20 kilocycle
2 oscillator and a copper plate, across the

input terminals of the impulse generator. The copper plate was fixed

to the table part of the desk-chair in which the subjects sat, and when

they tapped on the copper plate, the 20 KC signal initiated an impulse

2This value was chosen to avoid a beat tone, audible through the

earphones, that occurred near 10 KC and 100 KC.

38



TAPE RECORDER

AMPEX 350-2

Channel 1

-37-

1speech AMPLIFIER
HARVEY-WELLS
AM 1415/UNS-I

4f# *AMPLIFIERtiming
pulse GENERAL

RADIO
1206-B

IMPULSE in

GENERATOR

GENERAL RADIO
1217-B

out

HEAD
PHONES

bQ
TELEPHONICS
TDH -39

20 DG
ATTEN-
UATOR

FREQUENCY
COUNTER

HEWLETT-
PACKARD
523 DR

(SUBJECT)
copper

thimble
copper

fixed length
read -time"pulse

77P 300ms

0

201C
OSCIL-
LATOR

HEWLETT-
PACKARD
200 AB

DIGITAL
RECORDER

HEWLETT -
PACKARD
560 A

Fig. 1. Apparatus for Experiment 1

39



-38-

in the impulse generator. The time for a single revolution of the

tape loop, during which the subject tapped once, can therefore be de-

scribed as the sum of four times: 1) the length of the read-time pulse

initiated by the timing pulse on track 1 of the tape loop; 2) the time

between the offset of the read-time pulse and the time of the subject's

tap; 3) the length of the read-time pulse initiated by the tap; and

4) the time between the offset of this second read-time pulse and the

onset of the read-time pulse initiated by the timing-pulse for the

next revolution. As far as this investigation is concerned, the time

period of interest is the sum of the first two times, i.e., the time

between the occurrence of the timing pulse and the subject's tap.

2.1.3 Experimental Design

Subjects were seated in a desk-chair in a sound-proof room and were

asked to tap their finger in time to the beat of a given orthographic

syllable. (Exact instructions are given in Appendix D.) 'Syllable,"

"byllable beat" and the nature of the task were understood intuitively

and immediately by all subjects. Once they started tapping to a given

syllable, they continued to tap to that same syllable until the utterance

stopped playing. During each revolution of the tape loop, therefore,

the subject heard the utterance once and tapped once to the syllable in

question. The experimenter counted the number of revolutions and con-

trolled the number of taps given by the subject for the syllable by

turning off the sound. Subjects were given a printed version of the ut-

terances with all but the first few syllables numbered in some order.

The early syllables were not marked for tapping because a tap would be

affected by the subject's reaction time and therefore would not mark

the syllable beat. Thus, if there were ten syllables in the printed
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version of the utterance and subjects were to tap to the last eight of

these, the numbers one through eight were written over the vowels of the

last eight orthographic syllables in a sequence such that various order

effects were controlled. The subject listened to the first playing of

the utterance and then tapped once to the syllable marked "1" on each

succeeding playing until the utterance was turned off. When the utterance

was turned on again, the subject listened to the first playing and then

tapped to the syllable marked "2" until the utterance again was turned

off. Each experimental session consisted of a subject tapping to all

marked syllables of a given utterance. The marked syllables, the order

of syllable numbering, the number of taps to each syllable and the order

of presentation of the nine utterances for the three subjects are given

in Table 3. It will be seen from Table 3 that each subject tapped to

every marked syllable, and that the number of taps by the three subjects

to a given syllable was the same, but that the number of taps to dif-

ferent syllables was different; this was done to see whether overall tap-

ping behavior depended upon the number of taps. Further, the order of

the syllables was different for different subjects. Within the order-

ing of the syllables for tapping there was an attempt to alternate "rhyth-

mic" and "non-rhythmic" syllables. A syllable was categorized as "rhythmic"

if the experimenter felt that it marked' a strong rhythmic beat in the

utterance and thus was probably easier to locate and tap to than the other

"non - rhythmic" syllables which were passed over more quickly in the speech.

It was decides that alternation of hard and easy tasks, if indeed they

turned out to be so, would keep the subject more interested in the ex-

periment and his tapping behavior more consistent.

The number of taps per syllable per subject was chosen as 50 or 100

with 50 as the more common. Preliminary data had indicated that a
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TAALE 3

Syllable Presentation Schedule for Experiment 1

Subject 1 (Number of Taps per Syllable

Shown Nolo* the Syllable)

Order of Presentation Order of Presentation of Syllables
of Utterance

6 4 7 1 2 5 b 10 3

1 Use the weight of the line to get mare, and more, out
50 50 50 50 50 50 50 50 100 50

6 3 4 9 2 7 5 1 8

6 Spinners are par tic u ly good in cur routs

50 100 50 50 100 50 50 100 50

6 1 3 8 5 2 7 4 9

S See whoa he reared back and fired it by
50 50 SO 100 50 50 50 100 50

2 5 4 3 1

After the play was o vow

100 100 100 100 100

1 6 3 8 2 5 4 7

2 We wants to be per for enter now

50 100 SO 100 50 100 50 50

3 10 5 8 4 9 2 6 1 7

4 Talks in terms of get tins name for his self so

50 50 SO 50 50 50 50 50 50 100

5 7 1 6 9 4 8 3 2

5 I would like to know how they eon strict these things

50 SO 50 50 100 50 100 50 50

2 7 6 4 1 10 8 5 3

7 I, like prel dieti ins I, love to pro, diet2 things

50 50 50 50 100. 50 50 50 50 50

1 8 3 6 2 5 11 7 4 10

3 What will hap pea now and sort of go out on limb

50 50 30 30 100 50 50 50 50 50 50

Su,

Subject 2 (Number of Tape as for Subject 1)

Utterance order Syllable order

1 6 8 3 10 9 5 4 2 7

5 Use the weight of the line to get morel and sore2 out

9 6 7 3 5 1 8 4 2

7 Spin mere are par tic u ly good in cur rents

4 3 5 2 9

3 See when he reared back and *red

4 1 2 3 5

1 After the play was over

3 2 7 6 4 1 8 5

6 Ne wants to be per for mer now

9 2 7 4 10 1

Talks in terms of set tins name

8 7 9 6 4 2

I would like to know how they eon

1 6 3 8 10 5 2

2 I, like 'mei diet, in 12 love to

4 2 6 11 3 5

4 What will hap peen now and sort of

8 1 6

it by

7

guy

6 8 5 3

for his self so

3 1 5

struct these things

4 7 9

pre2 diet2 things

10 9 1 7 8

go out on limb

Subject 3 (Number of Taps as for Subject 1)

Utterance order Syllable order

8 4 1 6 5 7 2 10

Use the weight of the line to get morel and morel

3 6 1 9 5 7 2 4 8

2 Spin nere are par tie u ly good in cur rents

2 9 7 6 1

4 Sea when he reared back and fired

2 3 4 1 5

5 Al ter the play was o eer

7 4 5 2 8 3 6 1

/ Ne wants to be per fat Her now

1 6 3 10 2 5

3 Talks in terse of get tint name

1 4 2 3 6 8

1 I would like to know how they can

3 10 5 2 8 4

6 I, like prel diet, in 12 love to

10 6 8 2 7 11

8 What will hap pen now and sort of

4 5 I 3

it by SW

8 4 7

for his self so

3

out

5 7

'cruet these things

6 1 7

pre2 dict2 things

1 4 5 3

go out on limb
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subject's 50 taps to a syllable would give a distribution whose mean was

statistically stable enough to give adequate separation from the means

of the distributions of 50 taps by the other subjects on the same syllable.

The selection of syllables to be tapped to 100 times was based on two

criteria, first that there be an even overall sampling of the different

rhythmic types of syllable, from the most rhythmically stressed to the

least, and second that there be a consistent time length for the experi-

mental sessions. The first criterion specified which combinations of

syllables might be tapped to 100 times; the second criterion forced

greater numbers of these syllables to be chosen from utterances with

fewer syllables. The total number of taps to an utterance thus was kept

relatively constant. If the numbers of taps to the syllables of an

utterance are added, the result is 550 taps for all utterances except

the fourth, which has a total of 500, and the ninth, with a total of

600. Each experimental session lasted approximately 45 minutes, with

a rest break about half way through, upon the request of the subject.

Each subject tapped to all the marked syllables of a single given

utterance in one experimental session, and so there was probably little

interaction among utterances. Nevertheless the presentation schedule

of the nine utterances was different for the three subjects with no sub-

ject hearing any two utterances one after the other in the same order,

and no two utterances from the same dialect in successive sessions.
3

3That is, if a subject heard utterance A in one session and utter-

ance B in the next session, this implies that utterances A and B were

from different idiolects and that no other subject heard B in the session

immediately following the one in which he heard A.
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2.2 Experiment 2

2.2.1 Speech Material

Preliminary experimentation indicated that the task of matching

a click with a syllable beat is a time consuming one and so a subset of

the speech material for Experiment 1 was used in Experiment 2. One

utterance was chosen from each of the three idiolects with an attempt to

obtain different rhythmic and syllable onset types as before. The ut-

terances chosen were numbers 2, 5, and 7.

For two reasons, a separate tape loop of the entire utterance was

made for each syllable of that utterance. In Experiment 1 each tape

loop was played approximately 2000 times, and some decrease in the sig-

nal-to-noise ratio was noted. It was felt that this signal degradation

might prove important in the more strictly auditory situation of Experi-

ment 2. The total number of revolutions for a single syllable-loop in

the second experiment ranged between 221 and 644 with an average of 554;

no signal degradation was noted.

The second reason for separate tape loops relates to the time in-

terval limits of the variable click described in the next section. In

order to give subjects a satisfactory degree of control over click place-

ment, the total click range was set at approximately 1.5 sec. With a

greater range of placement, subjects were not able to control local

accuracy adequately; with a smaller range, a relatively large turn of the

knob produced no perceivable change in location. Since the utterances

were greater than 1.5 sec in length, not all of the syllables in an

utterance would fall in this 1.5 sec range; the click could not be

placed on the syllables outside the range. Thirty-one tape loops were made

and a timing pulse was placed on each loop with a magnetized razor blade
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as in Experiment 1, but so that the syllable with which the loop was

associated fell well within the limits of the 1.5 sec range. Subjects

could thus move the click so that it both clearly preceded and clearly

followed the syllable in question.

2.2.2 Experimental Apparatus

Figure 2 shows in block diagram form the apparatus for Experiment 2.

Subjects heard the utterance from track 2 of the tape loop. The timing

pulse on track 1 simultaneously started the clock (frequency timer) and

initiated a variable length pulse in the circuit labelled "Time-Variable

Click". (The componentry of this box is given in Appendix B.) The

offset of the variable length pulse produced a sharp click which was fed

through an amplifier to both the earphones and the stop input of the clock.

The length of the variable pulse was adjusted by turning the knob on the

box. The subject could thereby move the audible output click around in

the syllable until he was satisfied with its location. The interval

between the timing pulse on track 1 and the audible click was recorded

by the printer at each revolution of the tape loop. In this way the

successive locations of the click were measured relative to the timing

pulse.

2.2.3 Experimental Design

The subjects for Experiment 2 were two of the three used in Exper-

iment 1, the third being unavailable. Subjects sat at a table in the

sound-proof room and were asked to move the click until they judged that

it coincided with the time when they would have tapped, had they been

tapping to a given syllable. (Exact instructions are given in Appen-

dix D.) Since this task was more auditory in nature there was not
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necessarily a reaction time component to the click placement, and so all

syllables of the utterance were marked for click placements. The prin-

ciple reason for wanting measurements on the earlier syllables was that

some of these earlier syllables were rhythmically stressed and estab-

lished a beginning time reference point for the sentence rhythm. ND

measurement of them had been possible in the tapping experiment. Sub-

jects were given a sheet of paper on which were printed the successive

utterances they were to hear. At each trial (that is, each satisfactory

placement of the click) the subject reacted to a syllable in an utterance

different from the one which he heard on the trial before. Syllables

were again presented in a rhythmically balanced order to help the subject

retain interest in the task. He heard the utterance as many times as

he wished, moving the click between hearings. Subjects were instructed

to move the click to both a very early and a very late position during

the first few revolutions of the loop so that they were sure that the

click could both precede and succeed the preferred location. This

instruction was given to minimize the probability tnat the subject would

move the click in towards the location from one side or the other, never

quite reaching the preferred spot. This manner of response would give

measurements biased toward the last direction from which the click was

moved. It remains quite probable that some of the obtained measurements

have this kind of bias, for example, i.. a sequence of placements where the

final location is either earlier or later in the speech than any of the

other locations on the trial. More will be said of this problem in

Chapter IV.

Three different conditions of stimulus presentation were employed

in an attempt to control for perceptual asymmetries of the two ears.

Ladefoged and Broadbent (1960) and Fodor and Bever (1965) noticed
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statistical biases in click plE.cement between the two ears in somewhat

similar tasks. The three conditions were, therefore, both click and

speech in both ears, click in left ear and speech in right, and click

in right ear and speech in left. It will be noted that there may be a

fundamental difference in the perceptual matching process between the

first condition, where click and speech form a single signa] and the

last two conditions, where the click ana speech come in different ears

and must be matched at a higher order auditory center. The order of

stimulus conditions was also balanced to control for order effects.

The schedules of utterance, syllable and auditory condition presen-

tation are given in Table 4. Five click placements were obtained for

each subject on each syllable under each of the three conditions, for a

total of fifteen placements per subject per syllable.
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1
2
3
4
5
6
7

8
9

10
11
12_
13
14

15
16
17

19
20
21

22
23
24

26
27

28
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TABLE 4

Click Experiment Stimulus Syllable Schedule

SCHEDULE I

Session 1 Session 2
Syl. Cond. Syl. Cond.

1 4 1

19 2 al 2

25 3 8 3
15 # 1 25 1

.2 16 2

6 3 .6.. 2

22 1 20 3_
11 2 31 1

16 3 12 2,

30 1 .22_ 3
20 2 11 1

3 30 2
12 1 1 1

3 2 17 2

3_ 28_ 1
9 1 13 3.

23 2 3 1
3 14 2

5 1 9. 3

13 2 23 1

26 2 5
14 3 26.. 3-
24 1 18 1

2 2 .2 1. 1

29 3 19 .3
24 3

18 15____ 2f---
27 3 29 2

7 3
27
10

Session 3
Sy1.1 Cond.

16 I 1
21 3

1
4 2

12
8 2

25_ 2
6 1

31 3
17_ 1
11 3
13 1.

22 2
14 _ .

_30
1 2

28 .2

18 3
-3- 3

23 3
5 3

26 1
2 3

24 2
7 2

29
10 1
27 2

4 3

SCHEDULE II

Session 1 Session 2 Session 3
Syl., Cond. Syl. Cond. Syl. Cond.

3 1 25 21 -1
30 2 1 2 .1 3
20 . 3 3Q._ 3 18
24 1 3 _25.

.2 12 3 14
5__ .1_ 3 5

. . 2 30
_...2.4 . 3 3

2 ..18......E 1 24
3 29 2 5
1 14 3 15

...2 ..9 1 9
31 3 15 2 .29

1 3 19
2 ..3l_ 1 31

10 1- 3 1Q 2 la
26 2 19 3 2

7 2 22 1 17
15 _ _13 2 _10

__J

19
23

.

13

26 3 22

3
2
2
1

2_
1
1
3
1
1

Z_
3
2
2

3
7 1 7 3

4 -. 4 2
26 1

I
17 1 1 28 1

2 8_4_
17 i 3 23 3 23 r _2

211 1 20
27 2 27

3 16
20 1 11

2 11
3 27
1 6
3 21

21 2 12 2 1

Scheduling

Subject 1: II, I, II, I, II
Subject 2: I, II, I, I, II
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CHAPTER III - Experimental Results

3.1 Introduction: Reliability and Validity

The two attributes of a statistical tool of most immeuiate interest are

its reliability and its validity. A measure is reliable if it gives con-

sistent answers to the same question. It is valid if its answers bear

some desired relationship to the question. The present chapter will con-

cern itself in the main with the reliability of the two behavioral tasks

used in the two experiments described in Chapter II. Chapter IV will

treat the validity of these two tasks as measures of syllable beat and speech

rhythm. Since the present chapter contains statistical material, many

readers will not be familiar with some of the notions used. Appendix C

is an expanded explanation and motivation of these notions and their use.

The numbering of the sub-sections of Appendix C correspondsto the sub-sec-

tions of this chapter. Thus, section C.3.1 amplifies the discussion of

reliability and validity treated here in section 3.1.

3.2 Some Statistical Considerations

3.2.1 Mean and Variance

If a subject's responses form a distribution of points drawn from

a potentially continuous domain, such as time in this case, a measure of

central tendency is desired as a single datum to represent the entire

distribution. For various reasons the expected value, or mean (symbol-

ized "m"), of the distribution was chosen as this measure of central

tendency. Likewise, as a measure of dispersion or variability of re-

sponses, the second central moment, or variance (symbolized "s ), was
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chosen. In the language of the questions at the end of Chapter I, if

asubject taps his finger fifty times to the beat of a given syllable,

-neh tap renornting a time interval which is recorded as a datum, then

the mean of these time intervals is taken to he the "place where the

subject taps" and the variance of the fifty intervals is the "variabil-

ity with which he taps."

3.2.2 Sequential Dependency in the Data and Its Effect on Variance

From the point of view of probabilistic variation it is important

that the distributions of taps be consiuered ranuom samples from some

underlying population or populations. But it is clear that the char-

acteristics of samples may not be independent of each other, and even

within a single sample, a subject's tap may depend not only on the speech

he is listening to, but also on other taps he has made. For example, he

might decide he had tapped too soon last time and adjust his movements

to compensate; or, he might learn better and better where he ought to tap

and his later taps might thereby be more tightly clustered than his ear-

lier taps. Since both the location and dispersion of the subject's re-

sponses to a syllable are to be used as measures bearing on the rhythm

of the utterance, it is important to decide whether the location and dis-

persion change to any great degree over the time that the uistribution

is gathered. One way in which any sequential dependency of the distribu-

tion of taps can be discovered is auto-correlation of the sequence. The

discrete auto-correlation function, 0 (r), for values of T from 1 to 30

averaged over the 243 subject-by-syllable distributions, is given in

Table 5.
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Table 5

Discrete Autocorrelation Function (0) of

0(T)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

. 17

.09

. 07

. 05

. 04

.03

. 02

. 01

. 01

. 00

-.00

-.02

-.02

-.01

-.02

Tapping Responses

(Per)

16 -.01

17 -.02

18 -.03

19 -.02

20 -.02

21 -.01

22 -.02

23 -.01

24 -.01

25 -.00

26 .02

27 .00

28 .00

29 .00

30 .00
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The values of 4, (1) for low values of T show that there is a slight

dependency of successive taps, and that this dependency exists over as

many as ten responses. Since 0(l) is positive, subjects tend to tap close

to where they tapped the time before, giving fairly long oscillations

of behavior around some central point. The meaning of the distribution

mean as a measure of central tendency is made less clear by these long-

range shifts in tapping behavior. These shifts in tapping make the dis-

tribution mean less stable then if there were no shifts. Means were com-

puted for the first and second halves of the tapping sequences. The

variance of these means was significantly greater than would have been

expected using the entire distribution variance, s
2

, as a comparison.

Variances were also computed for the first ana second halves of the ta.,

ping distributions. Subjects' taps show a variability decreas-

ing over time, as indicated by the number of syllables on which the

second-half variance was lower than the first-half variance. Table 6

gives these frequencies for three subjects.

Long range trends inflate variance, so a measure of variability that

is insensitive to long-range trends was computed for the distributions.

This measure, the so-called "mean square successive difference", symbol-

ized d
2

, is the average of the squared difference between successive

data points. The relation between s
2 (variance) anu d

2
is summarize°

in Table 7. It shows d
2

to be very highly correlated with s
2

in rela-

tive size, from one syllable to another.
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Table 6

First-Half versus Second-Half Variance Size Comparison

for Tapping Distributions, Types A & B Syllables

Listener 1

Listener 2

Listener 3

Total

1st Half 2nd Half

Variance Variance
Greater Greater Total

13 38

26 j 12 38

25 I 13 38

76

2
X
2d.f.

48

= 12.7, p <.005

114
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Table 7

Correlation of s
2

with d
2

and Log (13
2) with Log (d

2
)

All Syllables

Utterance 1

Utterance 2

Utterance 3

Utterance 4

Utterance 5

Utterance 6

Utterance 7

Utterance 8

Utterance 9

Over the Syllable Tapping Distributions

Subject 1

cig. rht s s; LI e-

Subject 2 Subject 3

d'-

.88 .94 .95

.96 .97 .98

.85 .94 .88

1.00 .98 .94

.96 .96 .98

.95 .83 .99

.89 .91 .76

.96 .97 .94

.91 .92 .97

.90 .94 .98

till Cxe -7)(A- P)r -
xo N x S x Sy

rt . ! sL, 41 a' rs L, Al'

.92 .93

.93 .80

.78 .98

.93 .93

.95 .99

.99 .96

.85 .98

.93 .87

.94 .92

.98 .95

rus s %, 445 J.'

. 90

. 78

.98

. 92

.97

.91

.97

.81

.95

. 94

, where X is the mean of the XL

S is the standard de-
%

viation of the 7Ci

and N is the number of syl-

lables in the utterance.
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3.2.3 Form of the Underlying Distribution

It is an important underlying assumption of many widely used statis-

tical tests that the data being analyzed be a sample drawn from a normal-

ly distributed parent population. The forms of the distributions of tap

and click placements were tested for normality. The results of the com-

parison of the tapping data with a normal distribution are given in numer-

ical and graphic form in Table 8 and Figure 3, A chi-square test of good-

ness-of-fit on the twenty-four .25 sec intervals shows the distribution

to be significantly non-normal, but the fit is close omough to justify

making probability statements based on its being normal. Such probabili-

ties might perhaps be in error in the second or third significant digit.

Because of the very close fit of the distributions to normality us-

2
Ong s as a measure of dispersion, and because of the high correlation

of s
2
with d

2
, s

2 was chosen as the measure of dispersion for the purposes

of this chapter.

The distributions of click-placing data were tested for normality

in two ways. Within each subject's responses to a given syllable there

were three conditions of stimulus presentation. For subject 1 there was

a highly significant difference in click placement for the three condi-

tions, with the placements for condition 3 (speech in left ear, click in

right) earlier than those for condition 2 (speech right, click left), and

with condition 1 giving intermediate results. Subject 2 showed no such

difference among the three conditions. The click data were therefore

grouped in two ways. In the first grouping, the five responses for

each condition on each syllable for each subject (subjects-by-syllables-

by-conditions) were taken as a single sample. The second grouping ig-

nored differences according to the three conditions and grouped all
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Table 8

Form of the Tapping Distributions Compared with Form

of the Standard Normal DistribuLion N = 9720

Cumulative Distribution
FunctiOns)

F(u)
Normal Data

Density
=F(u

ui,ui_i

Normal

Functions)
)-F(u

i-1

Data X
2

Goodness of

-3.00 .001 .001 .001 .001 Fit Test on Den-

-2.75 .003 .004 .002 .002
sity Functions

-2.50 .006 .009 .003 .005

-2.25 .012 .016 .006 .007
Yields

-2.00 .023 .026 .011 .010

-1.75 .040 .043 .017 .017 = 89.8
X25df

-1.50 .067 .068 .027 .026
(p <.001)

-1.25 .106 .103 .039 .035

-1.00 .159 .153 .053 .049

- .75 .227 .219 .068 .067

- .50 .309 .307 .082 .088

- .25 .401 .406 .092 .099

.00 .500 .513 .099 .106

.25 .599 .612 .099 .099

.50 .691 .709 .092 .097

.75 .773 .784 .082 .075

1.00 .841 .850 .068 .066

1.25 .894 .902 .053 .052

1.50 .933 .934 .039 .032

1.75 .960 .958 .027 .024

2.00 .977 .974 .017 .016

2.25 .988 .985 .011 .011

2.50 .994 .991 .006 .006

2.75 .997 .995 .003 .005

3.00 .999 .998 .002 .003

+00 1.000 1.000 .001 .002
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STANDARD DEVIATIONS
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Fig. 3. Comparison of Cumulative Distribution Functions of
Tapping Data (o) and Standard Normal (-)
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fifteen responses of a subject to a given syllable. The pooled cumula-

tive distribution functions were then compared with Student's t-distri-

bution with four and 14 degrees of freedom, respectively. The results

for four degrees of freedom are given in Table 9 and Figure 4. In neither

case does the obtained distribution match the predicted t-distribution.

Since the effect of the three conditions was different for the two sub-

jects, the "by five' and "by fifteen" groupings were carried out for

the two subjeCts separately. The two pairs of distributions were then

compared, with the result that the "by five' distributions were quite

close (x
2 goodness-of-fit test with 15 degrees of freedom, x15

= 10.4),

but the "by fifteens' distributions were very different (x21 42.6).

The density functions and x
2 calculations are shown in Table 10. This

inequality in matching of the "by fifteens" distributions may be a func-

tion of the unequal differences in behavior on the different conditions

by the two subjects. An hypothesis about the underlying cause of the

extreme rectangularity of this distribution will be discussed in Sec-

tion 2 of Chapter IV.

3.2.4 Error from Experimental Apparatus

The experimental apparatus contributed some error to the measure-

ments, and care was taken to make sure the error variance was well

below the subjects' variance in order of magnitude. The lowest vari-

ance on any syllable by any subject in the tapping experiment was 3

csec
2

. The order of magnitude of the error variance of loop rotation

time oas 1.5 msec
2

. Other error components were unmeasurably small.

It was assumed that time changes owing to loop rotations were uncor-

related with differences in the subjects' behavior.
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Table 9

Form of the Click Distributions Compared with Form of

The Student's t-Distribution with 4 Degrees of Freedom

Cumulative
Functions,

Student-t

Distribution

F(u)
Data

-2.00 .058 .001

-1.75 .078 .039

-1.50 .104 .092

-1.25 .140 .148

-1.00 .187 .233

- .75 .248 .324

- .50 .322 .416

- .25 .408 .519

.00 .500 .601

.25 .592 .683

.50 .678 .767

.75 .752 .833

1.00 .813 .896

1.25 .860 .947

1.50 .896 .997

1.75 .922 1.000

+ 00 1.000 1.000

Density Functions,

fu
u

=F(u
i
)-F(u

i-1
)

i, i-1
Student-t Data

. 058 1 .001

.019

.026

.036

.047

.060

.074

.086

.092

.092

.086

. 074

.U60

.047

.036

.026

.078

.038

.053

. 056

. 086

. 091

.091

.103

.082

.082

.083

. 067

.062

. 051

.050

.003

.000

N=900

X
2
Goodness of

Fit Test on the

Density Functions

Yields

2
X16df

138
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Fig. 4. Comparison of Click Distributions (-x-) with Student's
t-Distribution with 4 Degrees of Freedom (-6-)
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Table 10

Comparison of "By Five" and "By Fifteen" Distributions

"By Fives" Distributions "By Fifteens" Distributions

Subject 1 Subject 2 Subject 1 Subject 2

-2.75 .000 .002

- 2.50 .007 .000

- 2.25 .000 .004

- 2.00 .009 .011

-1.75 .000 .002 .007 .004

- -1.50 .U38 .038 .027 .049

-1.25 .049 .058 .056 .016

-1.00 .049 .062 .058 .082

- .75 .093 .078 .067 .073

- .50 .100 .082 .080 .071

- .25 .102 .080 .102 .107

.00 .102 .104 .096 .082

.25 .084 .080 .104 .102

. 50 .080 .084 .100 .058

. 75 .071 .096 .069 .089

1.00 .062 .071 .056 .084

1.25 .056 .069 .049 .060

1.50 .053 .049 .051 .049

1.75 .053 .047 .020 .022

2.00 .007 .000 .022 .018

2.25 .007 .013

2.50 .016 .002

N=450

2
X15df

10.3.5 (p > .5)
,2 = 42.6 (p ' .005)
^2ldf
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In the click placing experiment also, the entire measurable error

contribution was from the tape loop; as in the tapping experiment, this

was 1.5 msec
2

. The smallest variance in click placement, for both sub-

jects on all syllables, was 45 msec2. The ratio of thirty between click

placing variance and apparatus error is not as great as that for the

tapping data but can affect variance ratios at worst in the third sig-

nificant digit.

3.3 Questions about Differences Between Variances

Because of certain statistical considerations, it is necessary to

answer questions about systematic variation of variance before means can

be compared. Analyses of variance were carried out on the variances of

the tapping and click distributions. These analyses were justified by the

reasonable homogeneity of the variances within the two sets of distribu-

tions. In analyzing the tapping data, three factors were chosen, namely

subjects (symbolized L, for "listener") , dialects (D), and syllable, types

(T). There were three levels of each factor. The three levels of L

were the three subjects, and the levels of D were the utterances spoken

by each of the three subjects. (The first three utterances belonged to

the first level of D, the next three to the second and the last three

to the third.) It had already been noticed that there was considerable

correlation between subjects in the size of variance,depending on the

syllable, with smaller variances associated with the more stressed or

rhythmic syllables. All ninety-seven syllables were therefore "typed"

a priori according to the role that the experimenter thought they played

in the utterance in which they occurred. This typology will be treated

further in Chapter IV. For the present analysis, it suffices to say
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that there are three general classes of syllable: syllables carrying

major stress (type A), syllables carrying minor stress and/or rhythmic

beat (type B), and'non- stressed, non-rhythmic syllables (type C). The

results of the analysis of variance on the logarithms of the variances

of the tapping distributions and the average values for the main effects

are given in Table 11. They show that there are significant differ-

ences in the size of variance 1) between the subjects (subject 2 < sub-

ject 1 < subject 3); 2) between syllable types (type A < type B < type C);

and3) interaction LxT, No significant variation was found to result

from differences in dialect. These findings indicate that some subjects

are more consistent tappers than others and that the consistency of

tapping to a given syllable is related to the role of that syllable

in the rhythm of the utterance.

A similar analysis of variance was carried out on the variances

of the click placing distributions. Again three factors were considered,

but in this analysis they were subjects (L), syllables (S) and condi-

tions of stimulus presentation (C). There were two subjects and hence

two levels of factor L. No systematic variation was immediately

noticeable among the variances according to syllable type, and so each

syllable was a separate level, making a total of 30 levels of factor

S.
5 The three levels of factor C corresponded to the three conditions

of stimulus presentation, namely both click and speech in both ears,

click in left ear, speech in right, and click in right ear, speech in

left. There were no findings of statistical significance from this

analysis of variance, as reported in Table 12. An equivalent state-

ment is that among the variances of the click placing distributions

5Syllable#2 was omitted from the analysis.
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Table 11

Tapping Log-Variance Analysis of Variance Table

Source
Degr.

Freedom
Sum of
Squares

Mean
Squares

F-

Ratio
Pr(ab.,...bility

Level

Listeners (L) 2 4.529 2.264 44.5 < .0005

Dialects (D) 2 .1811 .0905 1.78 .1 .25

Syl. Types (T) 2 4.602 2.301 9.16 <.05

L x D 4 .1346 .0336 .66 .5

L x T 4 .9443 .2361 3.58 '1,.05

D x T 4 .3244 .0811

L x D x T 8 .5271 .0659 1.29 ".25

Residual 216 10.99 .0509

Marginals (msec
2
)

Listeners - L1 1370

L
2

1060

L
3

2320

Dialects - D
1

1630

D
2

1500

D
3

1370

Syllable Types - T (A) 1050
1

T
2

(B) 1480

T
3

(C) 2160
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Table 12

Click Log - .Variance Analysis of Variance Table

Source

Degr.

Freedom
Sum of
Squares

Mean
Squares

F-

Ratio
Probability

Level

Subjects (L) 1 .0450 .0450 .27 >.5

Syllables (S) 29 5.075 .1750 1.04 >.25

Conditions (C) 2 .1040 .0520 8.26 N.S.

L x S 29 4.091 .1411 .84 >.5

L x C 2 .1187 .0593 .35 >.5

S x C 58 6.705 .1156 .69 >.5

Residual 58 9.781 .1686

Marginals for Syllable Type (msec2)

Types A & B 857

Type C - 1119
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there are no systematic variations resulting from differences between

the subjects, syllables, conditions of stimulus presentation, or any

two-way interactions. When the variances for the types A and B syl-

lables were compared with those of the type C syllables a non-signifi-

cant tendency toward lower variance on the rhythmic syllables was noted.

Question 5 of Chapter I can now be answered. Tapping and click

placing seem to be two very different tasks, at least from the point

of view of the resulting variances. In the tapping task, variances

differ in absolute magnitude from subject to subject, probably re-

flecting differences in native motor-rhythmic abilities and styles of

tapping. The relative magnitude of a subject's tapping variability is

further a function of the type of syllable to which he is tapping.

Agreement between the subjects in the ordering of syllable variances

is seen from Table 13, which gives the correlations of variance magni-

tudes of syllables for the three subjects on the nine utterances and

for all eighty-one syllables together. The correlation is great enough

to indicate significant agreement between the subjects, but small

enough to indicate considerable differences in the subjects' reactions.

It would be too great a step to take here, however, to conclude from

these differences in reactions that the subjects perceive rhythms differ-

ently. The dependence of variance size on the interaction of the

subject and the syllable type may be a function of tapping styles. The

subject who had the smallest overall range of variance magnitude tapped

in the same manner for all syllables and showed little animation in the

task. The other subjects, with comparable rangt.s, used other external

muscle groups (head, hands, feet) to keep time with the utterance rhythm,

and their tap was a part of this more complex motor behavior.
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Table 13

Correlations Between Subjects on 8
2

, d
2

, log 8
2

, and log d
2

Subj. 1 vs.

r 2 2
S

1
9 8

2

Subj 2

r
d
2

d
2

1, 2

Subj. 1 vs.

r 2 2

61' 63

Subj. 3

r 2 2
dl, d

3

Subj. 2 vs. Subj. 3

r 2 2 r 2 2
82' 83 dl, d

3

All Syllables .40 .42 .29 .23 .36 .42

Utterance 1 .16 .20 .56 .15 .33 .38

Utterance 2 .44 .70 .17 .14 .56 .45

Utterance 3 .53 .30 .18 .22 .12 .33

Utterance 4 -.50 -.45 .71 .51 .25 .50

Utterance 5 .71 .65 .24 .35 .04 .10

Utterance 6 .22 -.07 .40 .13 .77 .87

Utterance 7 .06 .18 -.04 .16 .35 .50

Utterance 8 .45 .36 .07 -.01 .43 .51

Utterance 9 .75 .62 .62 .58 .90 .92

r
log si,

log

All Syllables .51

Utterance 1 .41

Utterance 2 .65

Utterance 3 .78

Utterance 4 -.64

Utterance 5 .49

Utterance 6 .36

Utterance 7 .28

Utterance 8 .45

Utterance 9 .77

Logarithmic

2 rr
log d1, log si,

log d2v log

. 45

. 39

. 76

.53

-.52

. 57

. 06

.31

. 41

. 64

.39

.67

.37

.35

. 53

.37

.50

-.09

.06

. 54

r
log d1,

r 2 r 2
log 82, log d2,

log d3 log s log

. 33 .41 .51

.39 .41 .46

. 34 .49 .59

. 45 .34 .55

. 32 .29 .61

. 47 .01 .14

. 30 a .86 .87

.21 .27 .45

. 07 .42 .60

,58 .81 .85
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ThL absence of differences between the subjects and syllables in

the click placing, task indicatesthat it is unlike the tapping task in

this respect, and is theref=ore less appropriate for measuring "rhyth-

micalness". The absolute magnitude of variance in the click task is

approximately equal to that of the tapping task with an average over

all syllables of about 1000 msec
2

, making it about as reliable. It

certainly is, however, a less valid indicator of the rhythm of an

utterance.

3.4 Questions 1 through 3: Differences Between neans

Since Questions 1 through 3 of Chapter I ask about similarities

in beat location, and since distribution means are the measures of

this beat location, the three questions can be interpreted in the

statistical domain as hypotheses about equality of distribution means.

Thus, to say that two subjects tap at the "same place" on a syllable

is to say that the means of the distributions of taps given by the

two subjects on that syllable are equal. There are various stat_ati-

cal tools for testing whether or not two means are equal.

3.4.1 Question 2: Click Data

The results of an analysis of variance of the click distribution

means are given in Table 14. The effect of syllables is inextricably

bound up with the location of the timing pulse on the tape loop and so

does not concern us here. The main effect of the subjects is non-

significant. All other effects except the syllables-by-conditions in-

teraction are significant.
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Table 14

Click Placement Analysis of Variance Table

Source
Degr.

Freedom
Sum of
Squares

Mean
Squares

F-

Ratio
Probability

Level

Conditions (C) 2 A. 16600 8301 .41 > .5

Syllables (S) 29 80.05 2.76 0 > .5

Subjects (L) 1 3337 3337 2.48 ,t, .1

C x S 58 79190 1365 1.01 q, .5

C x L 2 39650 19820 14.7 < .0005

S x L 29 140300 4839 3.60 < .0005

C x S x L 58 85880 1481 1.10 > .25

Residual 720 968000 1345

Marginals for Conditions (msec.)

Subiect 1 Sect 2 Total

Condition 1 - 588 590 589

Condition 2 - 603 581 592

Condition 3 - 578 586 582
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The relative contributions to the variance of the different factors

deserve attention. The largest contributor was the subject-by-conditions

interaction. The relative order of magnitude of the means of the two sub-

jects under the various conditions shows that subject 1 demonstrated a

definite bias under the three conditions while subject 2 did not. Sub-

ject l's click placements were 25 msec earlier in the syllable when the

speech was heard in the left ear and the click in the right (condition 3)

than when the speech was in the right ear and the click in the left (con-

dition 2). With both speech and click in both ears (condition 1), subject

l's click placements were intermediate between the placements for condi-

tions 2 and 3. Subject 2's click placements showed a different and weaker

bias under the three conditions.

Even though the mean square error for conditions ranks next to that

for L x C in size, the main effect of conditions is rendered nonsignifi-

cant because of the statistical model being used.

There was also a significant interaction between subjects and syl-

lables. The distribution of differences between the means of the click

distributions of the two subjects on the various syllables is decidedly

bi-modal, but no ready interpretation of this interaction is available.

It is thus concluded from this analysis of variance of the click

data that the kind of syllable a subject is listening to and

the conditions under which he hears it have an effect on his location

of a click to match the beat of that syllable. However, from the data

at hand, the subjects do not appear to differ in their overall placement

of the click. Thus,Question 2 of Chapter I is answered in the affirmative.
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3.4.2 Question 1: Tapping Data

Because the distribution variances are non-homogeneous, the vari-

ation of the distribution means, related linearly to the distribution

variances, are also non-homogeneous. Analysis of variance therefore

cannot be used on the tapping data.

A natural choice for testing differences between means would be

the t-test. However, because of the unreliability of individual

subject :both within and between experimental sessions, calculated

t-scores would be too large and would lead to falsely significant

findings. t-scores are therefore inappropriate for testing differ-

erences between these means.

The hypothesis of equality can be tested from the ordering of

the relative magnitudes of the distribution means. The size order

of the means for the three subjects was compiled for all syllables,

and the positional relationships that hold for the three subjects

are given in Table 15. The chi-square test of effects in this con-

tingency table Is significant far beyond the .001 level. The in-

terpretation of this contingency table is that subject 1 has a gen-

erally greater mean (taps later) than either of the other two sub-

jects. The other two subjects are not significantly different.

The coz.clusion can be drawn, then, that not all subjects tap in the

same place, so Question 1 of Chapter I must be answered in the

negative.

3.4.3. Question 3: Tapping versus Click Placement

Comparison of tap and click data requires separate consideration,

since the data were gathered using different tape loops. In order to
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Table 15

Contingency Table Showing NImber of Times each

Listener's Tapping Mean was Greatest, Middle, or

Least in the Order of the Three Listeners' Means.

Greatest Middle Least

Mean Mean Mean

Listener 1 50 20 11

Listener 2 14 29 38

Listener 3 17 32 32

2
X4 d.f. 47.3

(p <<.001)

Subtable for Listeners 2 and 3

Greatest Middle Least

Listener 2 14 29 38

Listener 3 17 32 32

2
X
2
d.f. <2 (p .5)
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compare means between the two experiments, the locations of the timing

pulses on the two loops were established with respect to some well-de-

fined event in the mingogram trace of the speech wave. A vertical line

at this event, labeled "COMP LINE", is shown on the mingograms in

Appendix A. The difference in time between the two timing pulse loca-

tions, relative to this well-defined event, was subtracted from one

mean for comparison with the other. A 100-cycles-per-second triangular

wave is displayed on the mingogram along with the speech wave and the

timing pulse. Time measurements were thus accurate to about
±

1 cosec;

no calibration of reliability was carried out for this maasurement pro-

cess. The differences between tap and click distribution means are given

in Table 16. A positive value in this table indicates that on that syl-

lable the subjects tapping mean was later in time than his click place-

ment mean. There is a difference between the two subjects in their tap-

ping vs. click placing behavior. Subject 1 shows but two negative

values; therefore, he generally tapped later than he placed the

click. The average tap delay was approximately 3 csec. Subject 2 tap-

ped generally earlier to two utterances (Numbers 2 and 7) and later on

the third (Number 5), the average tap delay on utterances 2 and 7 being

about 2 csec. A possible explanation of the difference in behavior of

subject 2 on utterance 5 is that the syllable rate is greatest for that

utterance and his particular tapping style did not adapt to this greater

speed, giving a slight delay of his tap with respect to where he "really"

felt the syllable beat to be.

Because of the size and consistent bias of the displacement of the

subjects' click means from their tap means, it can therefore be concluded

that the answer to Question 3 of Chapter I is: No, the subjects do not

place the click where they tap. 74
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Table 16

Differences Between Tap and Click Means in Milliseconds

Utterance 2

mtap

Subject 1

mclick

Subject 2 E tap precedes click

ARE 0 33 --E tap follows click

PAR -9 -15

TIC -40 6

U 101111,

LY -73 6

GOOD -5 25

IN 33 -2

CUR -34 32

RENTS -48 6

Utterance 5

WANTS -99 -156

TO -60 -66

BE -9 -27

A 5 -42

PER -52 -10

FOR -11 -26

MER -27 0

NOW -1 1

Utterance 7

LIKE -40 -5

TO -95 36

KNOW -35 39

HOW -13 -16

THEY -74 15

CON -26 21

STRUCT -26 25

THESE -42 66

THINGS -32 35
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3.5 Summary

Tapping the finger in time to.a syllable beat and placing an audi-

ble click on that syllable beat are different behavioral tasks. The

distributions of responses given by the subjects in the two tasks have

different characteristics, the more important of which are form, loca-

tion and dispersion. The distributions of taps by various subjects on

various syllables appear to be roughly normal in form, whereas the

click placing distributions are much flatter than normal, even U-shaped

in form. Different subjects tap in different places, as evidenced by

the great variability among the means of the various distributions,

there was no such variability in the click placing task. Furthermore,

although one subject showed a large bias in the placement of the click

relative to where he tapped, somewhat constant over all syllables, the

second subject's bias appeared to be a function of the utterance to

which he was responding. Finally, although the tapping and click plac-

ing distributions have approximately the same average variance, the

variances of the tapping distributions vary more widely than do those

of the click distributions. Tapping variance was found to reflect in

part the rhythmic character of the syllable.

76



CHAPTER IV - Applications of the Data

4.0 Introduction

4.0.1 Bias and Error

The main objective of the experimental work in this thesis is a

clearer definition of the term "syllable beat". There was much variabil-

ity in the definition of syllable beat between experiments, between

subjects in the same experiment, and even within a given subject in a

given experiment over an extended period of time. The displacement in

time of the mean of a subject's responses from a hypothetical "point"

to which he may be responding remains a problem. The variance of his

responses also varies widely. Separating these two "error components"

from each other, a subject's response can be considered to be the sum of

his bias to one side or the other of the supposed target plus a random

error for that response. Presumably the bias would remain fairly fixed

from one response to another, over the short run. Probably it would be

different for different subjects and for different syllables and might

undergo slow fluctuations in size for the same subject or syllable over

extended periods of time. The random error component would be peculiar

to that response and the algebraic sum of the errors over all responses

would be zero.

4.0.2 ImaimIsta

Applying these notions to the data from the tapping experiment, let

us consider the distribution of taps given by a listener on a syllable.

We find a positive lag-one autocorrelation in the sequence of taps. The

mean square successive difference measure of variation, d2,, s about
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eight-tenths as great as the sample variance, s
2

. The difference s
2
-d

2

is attributable to slow fluctuations in the bias of tapping. The varia-

bility with which a subject taps has d
2

as a minimum, and is a function

of at least the listener and the syllable, as was seen from the analysis

of variance of the tapping distribution variances (Section 3.3, above).

The fluctuations in bias, not analyzed in detail, presumably result from

changes in perceptual and motor activity. This question will not be treated

any further in this work.

4.0.3 Click Data

The click data do not allow us to separate bias from error. In con-

trast with the situation for tapping where bias was treated as fixed in

the short run, the successive click placements to a given syllable are

far apart in time for t%,.1 listener and so the bias must be considered as

the sum of a fixed bias plus a random component. 'fhe algebraic sum of

the random components is again zero. Although this random bias component

is formally no different from the error, as discussed before, and cannot

be distinguished from it in the data, bias remain3 conceptually different

from error, since it results from asymmetries in the physio-perceptual

system, while error defines the lower limit of accuracy of the system.

4.1 Bias Components

4.1.1 Syllable Tapping and Click Tapping Experiments

The experiment previously described (Section 3.4.2) in which subjects

tapped to a sequence of four equally spaced clicks was intended partly

as a calibration of the bias in tapping. The results indicate that bias
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is a function of the subject, the spacing of the clicks, and the position

of the click in the short sequence. Table 17 gives the differences in

msec between the actual location of the clicks and the means of 50 taps

to each click. A positive value indicates that the mean preceded the

click- The two subtables of Table 17 show that the three subjects are

ordered according to the degree to which their taps preceded the click and

that the three clicks are ordered according to the legree by which the

tapping average for all subjects precedes them. Table 14 (p.67 ) shows that

subject 1 tended to tap earlier to syllables than subjects 2 and 3 but

the latter do not differ in this respect. Table 18 shows the order of

tapping to just the types A and B syllables. The means are now clearly

ordered with subject 1 earlier than subject 2, and subject 2 earlier

than subject 3; the sub table for subjects 2 and 3 shows variations sig-

nificant at the .05 level. The ordering of the subjects' means in the

tapping-to-clicks experiment agrees with the ordering obtained in tapping

to rhythmic syllables.

The time between suc :essive clicks on Loop 2 was half that of

Loop 1. The subtables of Table 17 show a corresponding decrease in

the amount by which subjects' taps precede the clicks.

The question naturally arises as to whether the bias in tapping

to clicks is the same as the bias in tapping to syllables. The speech

signal is a different stimulus from a sequence of evenly spaced clicks,

and tapping behavior may also change between the two situations. The

comparability of the tasks is shown by the similarity of form of the

distributions of responses, i.e., the distributions have the same general

shape and variances of comparable size, and also their means retain the

same size ordering relation between subjects.
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TABLE 17

Differences Between Click Location and Mean of

Fifty Taps to the Click (Milliseconds - 1 maim).

Loov 1 Loo 2

Sublect Session Click 2 Click 3 Click 4 Click 2 .Click 3 , Click 4

1 I 30 9 0 -2 -6 -19

II 16 24 9 0 19 6

2 I 36 9 35 20 -7 15

II 16 12 7 2 -7 11

3 I 60 76 61 21 21 12

II 90 50 53 12 19 12

.
.

Subtables:

17A Average over Clicks and Sessions

Sub act Loo. Loo.

1 15 0

2 19 6

3 65 16

178 Average over Subjects and Sessions

Click Lo.. 1 Lo.

2 41 9

3 30 6

4 28 6
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TABLE 18

Contingency Table Showing Number of Times each Listener's

Tapping Mean was Greatest, Middle or Least in

the Order of the Three Listeners' Means

for Types A and B Syllables Only

(Compare with Table 14)

Listener

Greatest

Mean

Middle

Mean

Least

Mean

1 27 6 4

2 4 21 12

3 6 10 21

9

d.f. = 4 47'' p <<X 8
.001
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The biases in the tapping-to-clicks experiment are ordered according

to the particular click being tapped to, but the variation of these biases

is not so great as that for the two loops compared. This result suggests

that bias is fairly constant for a given rate of presentation of the

rhythmic stimulus. If the bias is assumed to be constant and variances

within and between utterances are computed for the differences between

tap and click placements in the two experiments, a significant change

in bias is discovered for the two subjects over the three utterances.

However, subject l's click placements precede his taps by the greatest

amount on utterance #7, with #5 having the least difference, while

subject 2 has the opposite ordering, with his click placements on utter-

ances #2 and #7 succeeding his taps. This interaction of biases presents

a very confusing picture and obscures the location of the syllable beat.

It was mentioned above that s
2

- d
2 represents the amount of vari-

ance attributable to short-range changes in bias in the tapping experiment.

Another measure of the same short range bias variability is the variance

of the means of the first and second halves of the distributions. Be-

cause the last tap was given only four minutes after the first one, bias

did not have a chance to change very much, and the changes must have been a

function of short term effects in the tapping task. Such short term

effects might have been due to changes in posture or some kind of satiation

resulting from so much repetition of the utterance. Long range changes

in bias are measured by the click tapping experiment, in which the

subjects tapped to the same stimulus in a second session held several

days after the first. Much greater changes in activity and perception

result in greater differences in bias. These two measures of bias

variability are compared with pooled distribution variance in Table 19.
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TABLE 19

Within and Between Variance Estimates in the

Two Tapping Experiments (Milliseconds
2
)

Within Variances

Subject

Tapping to Speech

kand B Syllables

Tapping

Loop 1

to Clicks

Loop 2

1 1227 865 370

2 741 784 341

3 2243 1561 806

Between Variances

Subject

Tapping to Speech

1st Half vs. 2nd half

of Distributions

1 2618

2 1835

3 5383

Tapping to Clicks

lst Half vs. 2nd Half Session I vs.

of Distributions

Loop 1 Loop 2

1716

3371

11044
I

1562

392

1438

Session II

Loop 1 Loop 2

4182 10450

9942 2825

13650 7082
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4.1.2 Click Placing Experiment

The click data are much harder to interpret in the light of the

question of constant bias. There is strong evidence for the existence

of bias in subject l's click placements, for they usually preceded the

tap means, which, in turn, probably preceded the rhythmic stimulus.

Subject 2's placements were less clearly to one side or the other of

his taps. The above comparison is valid only if the rhythmic stimulus

was the same for both the tapping and click placing experiments. It

is impossible to test this hypothesis in any coherent fashion with the

present data. There were too few subjects and too few observations per

subject.

Subject 1 showed a consistent bias according to the condition of

presentation of the speech stimulus. If he heard the speech in the right

ear and the click in the left ear (condition 2), his placements were on

the average later than if he heard the speech in the left ear and the

click in the right (condition 3). His placements for condition 1, where

he heard both speech and click in both ears, were on the average between

those for conditions 2 and 3. Subject 2 showed a different and weaker bias.

The number of times a subjects mean placement for a given condition was

earlier or later than the placements for the other conditions is sum-

marized for all syllables in Table 20.

4.2 Error

4.2.1 Error and Syllable Type; Tapping Data

Because bias is so difficult to calibrate, the precise location

of the syllable beat is impossible to determine with the present data.
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TABLE 20

Contingency Tables Showing Order of Magnitude

of Each Subject's Mean Click Placement for the

Three Conditions of Stimulus Presentation

Sub ect 1

Condition

Greatest
Mean

Middle
Mean

Least
Mean

1 10 14 7

2 1.5 11.5 18

3 19.5 5.5 6

2 = 28.0, pX d.f. =

Sub i ect 2

.001

Condition

Greatest
Mean

Middle
Mean

Least

Mee.

1 8 14 9

2 10 13 8

3 13 4 14

2

Xd.f. = 4 9'10, P
.05

Condition 1: Speech and Click Together in Both Ears

Condition 2: Speech in Right Ear, Click in Left Ear

Condition 3: Speech in Left Ear, Click in Right Ear
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What, then, can the error component of the subject's response tell us?

It was pointed out in Chapter III above that the variance of a subject's

taps changes depending on what syllable he is tapping to. Syllables were

typed, a priori, according to the kind of rhythmic role that the experi-

menter thought they served when he listened to the utterances. Syllable

typology will be discussed in more detail in Section 4.4, below. For

this discussion of error the important aspect of syllable type is that

a subject's taps had least variability on the syllables in which we are

most interested, i.e., the rhythmic ones. From this fact we can draw

two conclusions. First, if tapping bias can be calibrated, then the syl-

lable beat can be more accurately pinpointed because the minimum error

of tapping is less. Second, and basically more important for this whole

area of research, tapping is a valid response to rhythmicalness of syl-

lables. The actual variation of tapping variance over the several

syllable types will be discussed in Section 4.4.

Sample variance, s
2

, and mean square successive difference, d
2

,

the two measures of internal variation used in this study, are compared

for all subjects and ail syllables in Table 21.

4.2.2 Click Placing Data; Method of Limits Error

Variances of the click placing experiment are given in Table 22.

One hypothesis to explain the U-shape of the distributions of click-

placing is that the subjects perceive the syllable beat as an interval

of time and move the click gradually into this interval, stopping before

the click reaches the center. This hypothesis was tested by observing

how often the final click placement for a trial was on the same side

86



Syllable S2 da1s2 Syl.

-85-

TABLE 21

s2 d2 d21S2 Syl. s2 d2 (1%2

weight 3173 2162 .68 guy 638 441 .6;7' how 1723 1630 .95

of 5052 2615 .52 the 701 578 .82 they 2318 2144 .92

the 2565 2012 .78 play 2532 1635 .65 con 1139 1043 .92

line 397 389 .98 was 895 756 .84 struct 1559 1392 .89

to 1059 967 .91 o 1121 1083 .97 these 572 542 .95

get 5023 3803 .76 ver 996 725 .73 things 557 490 .88

more 1 298 229 .77 wants 1448 1019 .70 like 587 517 .88

and 1586 719 .45 to 2300 1852 .81 prel 553 423 .76

nure2 611 459 .75 be 2278 1516 .67 dki 1 527 442 .84

out 829 505 .61 a 4858 3422 .70 ing 1024 787 .77

are 1847 1566 .85 per 1811 1027 .57 12 2202 931 A2

par 10815 3921 .36 for 1478 1009 .68 love 719 458 .64

tic 1254 1366 1.09 mer 1032 724 .70 to 858 482 .56

u 4826 3895 .81 now 1832 525 .29 pre 2 3162 3120 .99

ly 2568 1915 .75 terms 994 613 .62 dict 2 1117 629 .56

good 942 647 .69 of 1706 1195 .70 pings 525 386 .73

in 3923 2987 .76 get 648 527 .81 hap 2199 2491 1.13

cur 1044 877 .84 ting 1853 1115 .60 pen 3275 2336 .71

rents 2176 1441 .66 a 1087 608 .56 now 637 521 .82

he 2082 1754 .84 name 736 573 .78 and 1481 822 .55

reared 419 409 .98 for 1199 1001 .84 sort 4422 2745 .62

back 493 358 .73 him 1515 1278 .84 of 3039 3056 1.01

and 2600 2110 .81 self 2261 2478 1.10 go 357 349 .98

fired eel 500 1.01 so 1610 1032 .64 out 1340 1211 .90

it 1038 772 .74 like 685 547 .80 on 2700 1105 .41

by 418 393 .94 to 959 884 .92 a 5545 3660 .66

a 1068 862 .81 know 2115 2184 1.03 limb 812 705 .87

s
2

and d
2

for All Subjects on All Syllables

(Subject 1)
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TABLE 21

weight

of

the

line

to

get

more 1

981

1505

5628

665

1001

1086

1049

915

1316

4073

355

972

791

1139

.93

.87

.72

.53

.97

.73

1.09

guy 649 452 .70 how
they

con

struct

these

things

978

1161

1397

802

906

517

659

1021

980

760

714

544

.67

.88

.70

.95

.79

1.05,

1.20

the

play

was

o

ver

1371

614

700

721

631

1151

602

625

536

516

.84

.98

.89

.74

.82

wants 363 324 .89 like 688 824

and 3317 2191 .66 to 721 528 .73 pre 1 3710 2500 .67

more 2 998 480 .48 be 1171 977 .83 dict 1 481 475 .99

out 521 459 .88 a 4553 2728 .60 ing 566 516 .91

are 1357 866 .64 per 3541 2208 .62 I 2 1619 1261 .78

par 1985 1036 .52 for 771 506 .66 Love 639 749 1.17

tic 562 411 .73 mer 1423 1097 .77 to 904 487 .54

u 2843 1986 .70 now 337 262 .78 pre 2 2998 1677 .56

IY 2931 1730 .59 terms 612 527 .86 dirt 2 491 464 .94

good 1353 326 .24 of 1791 1466 .82 things 571 505 .88

in 2285 1880 .82 get 1019 1097 1.08 hap 915 645 .70

cur 949 883 .93 ting 1041 770 .74 pen 2734 1938 .71

rents 1007 870 .86 a 1492 1113 .75 now 433 328 .76

he 1718 844 .49 name 634 502 .79 and 594 468 .79

reared 484 468 .97 for 1539 819 .53 sort 1162 813 .70

back 687 725 1.05 him 2933 1261 .43 of 632 441 JO

and 1165 786 .67 self 885 600 .68 go 414 413 1.00

fired 422 282 .67 so 1375 1135 .83 out 1360 973 .71

it 969 786 .81 like 1244 955 .77 on 1457 1078 .74

by 412 349 .85 to 2223 1455 .65 a 3175 2953 .93

a 2473 1872 .76 know 1216 1085 .89 limb 655 368 .56

s
2

and d
2 for All Subjects on All Syllables

(Subject 2)
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TABLE 21

s2 d2 d2/ 2

-weight 4243 4283 1.01 guy 1628 1555 .96 how 11679 1522 .91

of 3138 2548 .81 the 3376 3108 .92 they 1138 1021 .90

the 3882 3407 .88 play 4358 3887 .89 con 2285 1337 .59

line 2822 2028 .72 was 1976 1608 .81 struct 2413 1440 .60

to 4159 4297 1.03 o 2090 1264 .61 these 2334 1988 .85

get 3674 947 .26 ver 1748 972 .56 things 2116 1105 .52

more 1 889 918 1.03 wants 8564 6350 .74 like 3469 3570 1.03

and 2841 2655 .93 to 2907 3073 1.06 pre 1 3501 2947 .84

more 2 1551 1414 .91 be 2904 1420 .49 did 1 1892 1900 1.00

out 1023 744, .73 a 5086 4147 .82 ing 1860 1688 .91

are 2920 2631 .90 per 2356 2383 1.01 I 2 3276 2222 .68

par 3349 2909 .87 for 1224 1170 .96 love 3385 2653 .78

tic 1674 1441 .86 mer 1928 1870 .97 to 1093 677 .62

u 3134 2634 .84 now 1942 1317 .68 pre 2 2433 2017 .83

ly 5872 6147 1.05 terms 1177 1008 .86 dirt 2 1805 1246 .69

good 1187 947 .80 of 5450 4676 .86 things 1719 1336 .78

in 2125 1334 .63 get 1995 1676 .84 hap 1572 1256 .80

cur 3928 2989 .76 ting 2682 2538 .95 pen 3374 2716 .81

rents 2188 1614 .74 a 2670 2443 .91 now 1511 1152 .76

he 2619 2638 1.01 name 1213 844 .70 and 1304 853 .65

reared 2702 1656 .61 for 1885 1136 .60 sort 1316 1059 .80

back 2326 1634 .70 him 4331 3164 .73 of 2157 1764 .82

and 2250 1668 .74 self 1798 1386 .77 go 1144 923 .81

'fired 2050 1590 .78 so 3837 .75 out 2440 2041 .84

it 4777 4422 .93 like 1903

,2894

980 .51 on 2323 2363 1.02

by 1053 774 .73 to 2844 2248 .79 a 4439 3693 .83

a 2060 2216 1.08 know 3023 2752 .91 limb 2329 1191 .51

s
2
and d

2
for All Subjects on All Syllables

(Subject 3)
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TABLE 22

Cond 2 Cond 3 Total S I Cond 1 Cond 2 Cond 3 Total

spin 1069 321 126 617 per
for

2474

404

1019

510

3315

1748

2355

1264
ers 1038 594 1114 862

are 2504 1240 939 1933 mer 2569 530 1211 1960

par 928 1011 814 902 Now 1627 1584 3411 1974

tic 1259 1003 429 822 I 195 955 390 710

jy 2394 2795 1904 2326 would 1489 2162 2679 2478

good 552 2376 329 1032 like 210 943 1217 992

in 1754 996 1278 1353 to 3849 1526 3557 3280

cur 2220 1990 4155 2413 I
know 324 1243 307 814

rents 202 1212 2918 1 4 I how 282 3219 465 1571

He 1466 421 786 964 they
j con

943

2179

3062

334

2012

402

2122

950
W ants 368 509 56 1081

to 334 1212 3370 1499 struct 166 2036 1614 1174

be 2989 827 625 1747 these 743 936 109 728

is 187 4392 2069 1956 things 1604 4498 671 1228

Subject 2

Syllable Condition 1 Cond 2 Cond 3 Total Syl Cond 1 Cond 2 Cond 3 Total

Spin
ners
are
par
tic

762

688
756

2022

1622

1660

348

372
2444

1351

1775

214

2047

933

938

1203

384
1158

2063

1157

per
for
mer
now
I

,
306

2439

1603

353

692

2254

134

1728

1173

1330

860

1024

360

1877

1240

1102

1103

1434

973

982

ly 1372 304 4399 1967 wou Id 2549 46 2 3057 1878

Goodd 3906 892 770 1773 like 137 734 907 587

in 1181 3090 860 1663 to 1478 585 1312 1053

cur 1191 3752 428 1726 know 2680 1054 1627 1549

rents 1688 1552 824 1239 how 2070 501 1361 1750

he 1868 1060 178 1192 they 1040 229 1094 887

wants 498 882 432 i67) cpn 1380 1391 1732 1336

to 2345 1808 2141 1986 struct 3347 956 471 1671

be 595 2503 288 1299 these 311 1665 3385 2055

a 1812 3909 992 1948 things 288 1890 522 986

Condition 1: Speech and Click Together in Both Ears

Condition 2: Speech in Right Ear, Click in Left Ear

Condition 3: Speech in Left Ear, Click in Right Ear

s2 For Conditions is Computed over the Five Observations for that

Condition on that Syllable by that Subject

s2 For Total is Computed over the Fifteen Obseryations for that

Syllable by that Subject

s
2

for Three Conditions and Grouped Conditions

in Click Placing Experiment
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of the mean placement for the subject as the direction from which the

click last came. If the subject were stopping short of the center of

the assumed "beat interval," then when the click moved in last from the

early side, there would be more instances in which click placement

preceded the mean and when it came from the late side, more instances

in which the click placement was after the mean. The results of this

test are given in Table 23. They show that both subjects tended to

stop short of the mean under both conditions of click movement. This

tendency to stop short of the center of an interval-like stimulus is

known as bias in the method of limits (Smith, 1957). Because of the

known effect of condition of stimulus presentation, each placement was

compared with the mean placement for the condition under which that

placement was made.

4.3 Phonetic Applications

4.3.1 Location of the Syllable Beat

Miyake (1902), Hollister (1937), and Classe (1939) single out the

onset of the nuclear vowel as the rhythmic maximum of the syllable beat.

Because this point in the physiologic-acoustic speech sequence is

associated with many motor activities and perceptual cues, it is a

natural choice for such a maximum. There are generally large articulator

movements as the last consonant before the nuclear vowel is released.

In stressed syllables a chest pulse often accompanies the onset of the

vowel. If the initial consonants are voiceless, the onset of voicing

requires the appropriate tensing of the vocal folds and the maintenance

of sufficient air flow through the glottis. Thus, movements in the
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TABLE 23

Contingency Table Showing Bias in the Method

of Limits for the Click Placing Experiment

Subject 1 Click

Below Total

113 232

133.5 233

246.5 465

Side of Final
Placement

Above

Direction from Above
which click
last came Below

119

99.5 1

Subject 2

Direction from
which click
last came

Subjects 1 & 2
together

Total I 218.5

X
2

3
= 3.44 N.S.

Side of Final Click
Placement

Above Below

Above 129 111

Below 100 125

Total 229 236

X3
2

= 4.17 N.S.

Total

240

225

465

Final Placement

Above Below Total

Direction
Above

Below

248 224 4721

199.5 258.5 458

Total 447.5 ! 482.5 i 930

2
x3 = 7.52p ti.06

Comparison of Subjects 1 & 2 yields xd.f. = .35, p .5
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articulators, chest wall, and larynx are the source of many kinesthetic

stimuli associated with the onset of the nuclear vowel.

The acoustic wave shows a great increase in energy and striking

changes in spectral structure at the beginning of the nuclear vowel.

As will be pointed out later, these changes occur to different degrees

and at different rates for different types of consonantal release, but

they are strong perceptual cues in all cases. The vowel onset is there-

fore a clearly distinguished event for the listener as well as for the

speaker.

Table 24 gives the amount by which the three subjects' tapping

means precede the onset of the nuclear vowel in the rhythmic (types

A & B) syllables.
6

The average values are quite well matched with each

subjects' precession in tapping to clicks for loop 1 with the more widely

spaced clicks. This agreement suggests that subjects react in the

tapping experiment as though they were tapping to a sharply defined stim-

ulus occurring at the time of onset of the nuclear vowel of the stressed

syllable. An assumption underlying this conclusion is that all syllables

are groupable, even though we have seen that bias changed in the click

tapping experiment depending on the click to which the subject was

tapping.

Newcomb (1960, 1961) gives a more complex rule for beat location

(see Section 1.2.5, above), involving the consonant sequences that

precede the nuclear vowel. The click location means in his experiments

were: (1) "at the onset of voicing" for voiceless obstruent consonants;

6
Measurements were derived from spectrograms made on a BTL model D

spectrograph and from mingograms showing simultaneous tracings of the
speech wave, speech power, and a 100 cps triangular timing signal. Mea-
surements were taken to the nearest .01 second, as finer measurements
were not thought to be justified.
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TABLF

Amounts by which Tapping Means

Times in Selected Type A and B

_

4

Precede Nuclear Vowel Onset

Syllables (Milliseconds It 10 msec)

0% 0 ro

Syllable

bUDJeCL ibUDJOCE

1
2

bUDJeCE

3 Syllable

bUDJeCt

1

Subject

2

Subject

3

Weight 0 6 20 Self 60 72 112

Line -11 20 10 So 31 67 135

More 1 -17 23 46 Like -44 18 12

More 2 76 80 94 Know 41 108 94

Out 4 26 21 How 18 35 59

Tic 36 97 76 Struct 51 73 115

Good 6 79 58 These -3 68 134

Cur 41 97 157 Things 12 53 96

Play 131 22 170 Diet 1 -21 -15 -12

Was 22 15 50 Love -1 2 14

0 -50 -32 9 Diet 2 5 13 -22

Ver -4 -14 30 Things 48 32 35

Be 28 39 33 Hap 18 -7 -27

For 53 10 29 Now -32 9 40

Now 38 39 24 Sort 60 45 61

Terms 9 58 33 Go 24 32 19

Get 32 38 40 On 45 -4 42

Name 23 -8 -12 Limb -24 49 64

Mean P recession Over All Syllables Mean Precession of Tap to Click in Loop 1

Subject 1 20 msec Subject 1 15 msec (From Table 17A)

Subject 2 35 msec Subject 2 19 msec

Subject 3 52 msec Subject 3 65 msec
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(2) "at the release of consonantal articulation" for voiced obstruentsi

and (3) "at the beginning of the return from the extreme point of formant

deflection toward the position of the following vowel" for semivowels

(Newcomb, 1961, p. 3). In the case of voiceless obstruent consonants,

the onset of voicing is the same as the onset of the nuclear vowel, and

so the same kinesthetic and acoustic cues are available. In the case

of voiced obstruents, laryngeal tensions and air flow are already suf-

ficient for voicing, and so the significant motor activities are probably

articulator and chest wall movements. The rise in acoustic energy is

great but not as great as for voiceless obstruents and the change in spec-

tral structure is not as great nor as abrupt as in the change from

no-voicing to voicing. In semivowels, fricatives, and sibilants there

is no sudden articulator movement, but rather a smooth motion through a

point of maximum, but incomplete, closure. This maximum of tension

just before the consonantal release, along with chest wall movements,

is a possible kinesthetic cue for the rhythmic beat. The point of max-

imum articulator tension is probably also the point of maximum deflection

of the formants of the semivowel, and the turning of these formants to-

ward the nuclear vowel position plus the associated rise in acoustic

energy would be salient perceptual cues.

It is unfortunate that the present data do not permit a test of

Newcomb's rule. The tapping means, which probably precede the percep-

tual beat, more often than not come after the point at which he would

locate the beat. This precession of the beat by his location would not

be critical provided that the bias could be calibrated. Since the two

subjects showed opposite tendencies in their biases, this calibration is

impossible. A test of Newcomb's rule would require a study with more subjects.
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If we group the various syllables according to the types of conso-

nant sequence that preceded the nuclear vowels, as in Table 25, some

agreement among the subjects is found on the degree of precession of the

vowel onset by the tap means. The initial consonant types in the sylla-

bles where all the subjects tapped earlier than their mean precession

are semivowel (/w/ in this case), sonorant (/1/ in this case), and

open (no initial consonant). The types of consonants that preceded

nuclear vowels of syllables to which the subjects tapped later are fric-

ative, sibilant, and sequences of two or more consonants (/p1/ and

/str/). Stop and nasal consonants yielded mixed results.

The possibility that the duration of the sequence of the initial

consonants may determine the degree of precession of the subjects' taps

was tested by correlating the two sets of times. Correlations of .66,

.20, and .33 were obtained in this way for the three subjects. The

measured durations of the sequences of initial consonants are given in

Table 26, along with the tapping precession and the derived correlations.

These modest correlations indicate that the onset of the nuclear vowel

may be taken roughly as the beat of thersyllable, and the time by which

a subject's taps precede the vowel onset will be a function of the

subject's individual bias and the length or phonetic type of the initial

consonant (since consonant type and consonant length are highly correlated).

The measurements of a subject's bias, vowel onset, and consonant length

are too crude to make any more definite statement.

4.3.2 Error in Location of the Syllable Beat

The lengths of the initial consonants, given in Table 26, range from

0 to 140 msec, with an average of 75 msec per phoneme. This value is
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TABLE 25

Mean Amount of Precession of Vowel Onset by Tap

Mean in Selected Type A and B Syllables Grouped

According to Phonetic Type (Milliseconds It 10msec)

Phonetic Type Subject 1 Subject 2 Subject 3

Open 0 -3 24

Stop 18 49 43

Semivowel (Ari) 11 10 35

Sonorant (/1/) -20 22 25

Nasal 21 42 48

Fricative + Sibilant 30 42 75

Cluster 91 48 142

-r t

Mean Over All Types 20 35 52
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TABLE 26

Initial Consonant Lengths and Correlation of These

Lengths with Amount by Which Tapping Mean Precedes

Nuclear Vowel Onset for the Three Subjects

(See Table 25 for Tapping Precession)

(in Milliseconds 5 msec)

Consonant
Syllable Length (msec) Syllable

Weight

Line

More 1

More 2

Out

Tic

Good

Cur

Play

Was

0

Ver

Be

For

Now

Terms

Get

Name

Consonant
Length (msec)

90 Self

100 So

105 Like

100 Know

0 How

40 Struct

60 These

140 Things

120 Dict 1

60 Love

0 Dict 2

85 Things

30 Hap

130 Now

70 Sort

40 Go

40 On

65 Limb

110

170

25

80

105

130

80

40

80

100

75

140

130

80

80

60

0

90

98

Li

LI
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not out of line with the average value of 50 msec per phoneme in

connected speech as suggested by Joos (Shen & Peterson, 1962, p. 12).

The standard error in both tapping and click placing is approximately

30 msec, and so the distributions could be associated with one or perhaps

two phonemes. Different subjects, however, have different biases, and

so the correction for bias must be included before the distributions

may be compared with phonetic events. Table 27 gives the average differ-

ences between and within subjects for the tapping means and between both

the subjects and the conditions in the click placing means. The average

absolute difference is the average of the unsigned amount by which two

means differed and gives an indication of the expected distance between

two means. The average difference, the difference between the biases

of the two means, is an overall correction term for comparison of loca-

tions. The absolute differences add considerably to the error in loca-

tion of the mean. Adding the 30 msec standard error of tapping on click

placement to the, say, 10-20 msec minimum error in subject bias,

the total error has approximately the length of a phoneme. Obser-

vation of many responses can reduce the standard error associated with

tapping and click placing, but new experimental techniques would be

required to reduce the 10-20 msec error in bias.

The phonetic events that Miyake, Hollister, Classe, and Newcomb

associate with the rhythmic beat are more accurately located by standard

spectrographic techniques. The error in such a location would be on

the order of one or two periods of the fundamental frequency, or about

a csec. Therefore, precise correlation of behavioral responses with

physiologic-acoustic events must await more accurate calibration of
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TABLE 27

Differences Between Mean Tapping and

Click Placing Locations, in Milliseconds

I - Differences Between Tapping Means

Subj 1 -Subj 2 Subj 1-Subj 3 Subj 2-Subj 3

Average Absolute

Average

30 40

15 33
1

17

II - Difference Between 1st and 2nd Half Means of Tapping Distributions

Subject 1

Average Absolute
[

10

Subject 2 Subject 3

9

III - Difference Between Click Placing Means

0014.40,

Average Absolute

Subject 1-Subject 2

22

...it

Average 14

1

18

IV - Difference Between Means for Conditions of Speech-Click Presentation

Average Absolute

Average

Subject 1

Cond 1-Cond 2 Cl-C3 C2-C3

Subject 2

Cl-C2 Cl-C3 C2-C3

19 29 20 16 19 24

-1 16 17 -4 6 12
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bias in response. Improved experimental techniques will probably con-

tribute greater accuracy than increases in the amount of data collected.

4.4 Syllable Type

After tht speech materials for the two experiments had been selected,

but before any testing was done, the rhythms of the utterances were examined

intuitively and each syllable was assigned a type according to the role

the experimenter thought the syllable played in the rhythm. Assignments

were made by the experimenter after listening several times to each

utterance. The three general syllable types were: stressed, and therefore

rhythmically accented (type A); reduced stressed or unstressed, but still

rhythmically accented (type B); and unstressed, unrhythmically accented

(type C). There were two sub-classes of type B syllables, corresponding

to the degree of rhythmic accent. Four sub-classes of the type C class

corresponded to syllables which immediately succeeded or preceded stressed

syllables, or both, or neither. This syllable typology is summarized

in Table 28, in which are shown the syllables of all utterances and their

assigned types. Two types were assigned to some syllables in ambiguous

cases. For purposes of data analysis, the first of the two ambiguous

types was chosen.

Syllables were typed in this way because such an a priori speci-

fication of utterance rhythm permits comparison of the experimental

results with native speakers' intuitions about rhythm. After the three

subjects had tapped to all syllables, one extra session was devoted to

the investigation of their intuitions. Each subject listened to each

utterance and described it rhythmically in whatever rhythmic notation
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TABLE 28

Syllable Types for All Syllables of All Utterances

(Marked Over Orthographic Vowel of the Syllable)

A C2 A Cl C2 A B2 B2 A Cl B2 A

Utterance 1 Use the weight of the line to get morel and more
2

out

A Cl C3 C2 A Cl (C1-C3) Bl C3 A Cl

Utterance 2 Spinners are particu(lar)ly good in currents

B2 A B2 A A (B2-C1) A Cl A C12 A

Utterance 3 See when he reared back and fired it by a guy

A Cl C2 A B2 A Bl

Utterance 4 After the play was over

C2 A (C2-C12) B1 Cl C2 A Cl Bl

Utterance 5 He wants to be a performer now

A C12 A C12 A Cl C2 A C3 C2 Bl Bl

Utterance 6 Talks in terms of getting a name for himself so

A C12 Bl C2 Bl A (B2-C1) (B2-C2)A Bl Bl

Utterance 7 I would like to know how they construct these things

C2 A C2 A Cl C2 A (C1-B2) (C2-B2)A Bl

Utterance 8 I
1
like pre

1

dict
1
ing 12 love to pre2dict2 things

A Cl Bl C2 A C3 £3 C2 A Cl Bl C2 A

Utterance 9 What will happen now and sort of go out on a limb

Type A - Primary Rhythmic Accent

Bl - Reduced Stress but Major Rhythmic Beat

B2 - Reduced or Unstressed, Counterpoint in Rhythm

Cl - Unstressed, not in Rhythm, Follows Type A Syllable

C2 - Unstressed, not in Rhythm, Precedes Type A Syllable

C12- Unstressed, not in Rhythm, Between Two Type A Syllables

C3 - Unstressed, not in Rhythm, Other Than Cl, C2 or C12.
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he wished to use. Subjects were asked to comment on the "strictness'

of whatever rhythm they perceived, this strictness presumably meaning

adherence to equality of time intervals between beats. There was by

no means complete agreement among the subjects as to rhythmic character-

ization. The subjects agreed fairly well on the rhythmic accent of any

given syllable. Eight syllables marked by the experimenter as accented

were not thus marked by any subject. Seven of these were marked type

"B2"; the other was the "Bl" syllable "like" in utterance #7. Three

syllables marked as accented by at least one subject were considered

by the experimenter to be unaccented. These were "are" of utterance

#2 (type C2), and "Ii" and "to" of utterance #8 (types C2 and Cl-B2,

reap.). This finding would indicate that the B2 type is not valid, since

seven of the nine B2 syllables were considered to be unaccented by all

three subjects.

A more careful experiment was carried out using linguistically

trained subjects. Five subjects with varying degrees of linguistic

training were asked to transcribe the nine stimulus utterances in two

separate sessions a week apart. (Instructions to the subjects are given

in Appendix D.) Primary attention was given to the prosodies in these

transcriptions. Table 29 gives the nine utterances with the stress mark-

ings by the five subjects in each session. This table is condensed into

Table 30 by giving one point to a syllable for each primary or secondary

stress marked on that syllable by a subject. Thus a syllable would be

given a score of ten if all five subjects marked that syllable as stressed

in both sessions. A zero score would result from no subject marking the

syllable as stressed in either session. One subject used a four-level
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TABLE 29

SYLLABLE Use the weight of the line to get mores and mart:lout

Syllable type A C2 A Cl C2 A B2 B2 A Cl B2

Session 1 I I 01 01
Session 2 1 1 01 I . 0.

" 1 / \ \
" 2 \ \ / \
" 1 / / /
ii 2 \ / \
" 1 / \ / /
" 2 / / /
" 1 A V\ V V / v A V \ /
" 2 A V A V V / v A v \ /,

Spin ners are par tic u ly good in cur rents'

Syllable type A Cl C3 C2 A Cl C1-C3 B1 C3 A
,

Cl
,

Session 1 I I 0 I
" 2 I II 011
II 1 \ \ \ /
" 2 \ \ /
" 1 /
" 2 / \ /
" 1 / /
" 2 / / /
" 1 A '\ v v A v V \ V V
" 2 V V /A V \ V V

SYLLABLE 1See when he reared back and fired it by a guy

Syllable type lII B2 A B2 A A B2 -C1 A Cl A C12 A

Session 1 IC) 0 0
" 2 I I 1 1 I 1

" 1 \ \ ~\ \
" 2 N. N. \ \ / \ \

1 / / \
11 2 \ / \
II 1 / .

" 2 / / / / / / /
" 1 1 \ A %,/ A A v /A v / V \

" 2 1 \ A \ A \At V / / v \

Stress Markings by All Subjects on All
Syllables in Both Experimental Sessions

(Utterances 1-3)
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Subject

1
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Subject

1

2

3

4

5

Subject

1

2

3

4

5

Subject

1

2

3

4

5
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TABLE 29

SYLLABLE Af tar the play was o ver

Syllable type A Cl C2 A B2 A
i

B1
v 4

Session 1 I I 01
" 2 I I I
ii 1 \ \ /
" 2 \ /
" 1
n 2

..
" 1 /
" 2 / /
" 1 n v v A v / \
" 2 v A_ / A

SYLLABLE He wants to be a per for mar now

Syllable type C2 A C2- '12 81 Cl C2 A Cl B1

Session 1
" 2

I

I

01
01

" 1

" 2 I
\
\

, \
\

" 1

" 2

/
/

\\
/
\ ,

" 1

" 2

//
, //

" 1

" 2 \ A
A

,

V
V

V
V

SYLLABLE Talks in terms of get ting a name for him self so

Syllable type A C12 A
1

C12 A Cl C2 A C3 C2 81 B1
4

Session 1
" 2

'I

I

I

I
1

I
0
01

,

" 1

" 2

, \
\

\ //
\
\

" 1

" 2

/
/

, /
" 1

" 2

/
/

I I

/
1 /

/ /
" 1

" 2

AVAVAV_A
_ n

V
VV/VW
V_V i_V V

SYLLABLE I would like to know how they construct these things

Syllable type A C12 B1 C2 B1 A 82-C1 B2-C2 A 81 B1
9

Session 1 01 1 01

" 2 11 CA

" 1 / \ \ \ /
" 2 / \ \ / \ \
" 1 / /
" 2 / \
" 1 / /
" 2 / / . /
" 1 /IV \ A v / \
" 2 / I V A\ A \ V / \A _

Stress Markings by All Subjects on All

Syllables in Both Experimental Sessions

(Utterances 4-7)



Subject

1

2

3

4

5

Subject

1

2

3

4

5
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TABLE 29

Si IF o I i ke pre, 4 cti ng 2 ove to pre2 ctz t nags

Syllable type C2 A C2 A Cl C2 A Cl -B2 C2- B2 A B1

Session 1 I 01 01 1

" 2 01 I 11 01
TT 1 / \ / \ \
" 2 / \ / ?

TT
1 \ / / Nit

" 2 / \ / \
" 1 / /
" 2 / / /
" 1 \ A V \ \ A / V V
" 2 \ A V V \ A V V \

SYLLABLE hat ill hap pen now and sort of go out on a limb

Syllable type A Cl B1 C2 A C3 C3 C2 A Cl B1 C2 A

Session 1 01 0 01
,/,

21
2 1 OH 11

1 / \ / , , / , /
2 \ \ \ / /
1 / / \
2 \ \ /
1 / / /
2 / / / / /
1 v \ v / v V ViA \stv V /
2 v \ V / _V_ V_V_ A_A\_ V, V /

MEANINGS OF MARKINGS

Subject 1- Three Stress System: I Stress, II Heavy Stress
[Sometimes Includes Om Head of Rhytm Unit (Pike)]

Subject 2- Three Stress System: I Primary Stress
Reduced Stress

Subject 3- Same as Subject 2
Subject 4- Same as Subject 2
Subject 5- Four Stress System (Trager-Smith): I Primary,

A m Secondary, Tertiary, v Weak

[ Two Markings Under Same Syllable in Same Session
Indicate Unresolved Ambiguity. Leftmost Mirk Choosen
for Data Analysis.]

Stress Markings by All Subjects on All
Syllables in Both Experimental Sessions

(Utterances 8-9)

1o6
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TABLE 30

Condensation of Table 29 by Summing Stress Marks

Syllable Use

Type A
Score 10

Syllable Spin

Type A
Score 10

the
C2

0

weight of the line to get more and more
2

A Cl C2 A B2 B2 A Cl B2

6 0 0 10 0 1 6 0

ners fare par tic u

Cl I C3 C2 A Cl

1/2 0 0 9 0

ly good in cur .rents

dl-C3 B1 C3 A Cl

0 3 0 10 0

Syllable See when He reared back and fired

Type B2 A B2 A A B2-C1 A
it by a guy

Cl A C12 A

Score 5 5 1/2 9 5 0 10 0 7 0 9

Syllable Af ter the play was o ver

Type A Cl C2 A B2 A B1

Score 10 1 0 6 0 10 2

Syllable He wants to be a per for mer now

Type C2 A C2-C12 Bl Cl C2 A Cl B1

Score 1/2 10 0 4 0 0 10 1/2 4

out
A
10

Syllable Talks in terms of get tins a name for him self so

Type A C12 A C12 A Cl C2 A C3 C2 Bl Bl

Score 10 0 7 0 5 0 0 10 0 112 4 5

Syllable I would

Type A C12

Score 10 1

Syllable Il like

Type C2 A
Score 2 10

like to know how they con

B1 C2 Bl A B2-C1 B2-C2

4 0 4 3 1 0

pre
C2

1

0

Syllable What '11 hap

Type A Cl Bl

Score 9 0 6

dict
1

ing 12

A Cl C2

10 1 2 1

pen now and

C2 A C3

0 7 0

struct these things

A Bl Bl

10 2 2

love to pre2 dict2 ing

A Cl-B2 C2-B2 A B1

10 0 0 9 4

sort of go
C3 C2 A
0 0 10

out on a limb

Cl Bl C2 A
4 1/2 0 9
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stress system (Trager-Smith), and half a point was given to syllables

with a tertiary or weak stress marking (0).

Table 30 is further reduced into Table 31 by tabulating the scores

for the different types of syllables (experimenter's typology). The scores

for type A syllables are with one exception five or greater. The scores

for type Bl syllables are between two and six, again with one exception.

Type B2 syllables have scores between zero and one, with one exception.

Type C syllables score mostly zero, with one scoring four and one scoring

two.

The experimenter's syllable typology relates strongly, then, to

the degree of stress marked by trained listeners to the set of syllables.

The overall syllable typology was shown to be behaviorally valid

by the analysis of variance of the tapping variances (see Section 3.3,

p. 60). Types A and B syllables have generally lower variances than the

type C syllables. If "average" variances are computed by averaging log-

arithms of the distribution variances, the type A syllables are lowest

at 1048msec,
2
then the type B syllable, at 1485msec,

2
and finally the

type C syllables, at 2161 cosec: The type Bl syllables averaged 1328 msec,

and the type B2 syllables, considered by the subjects to be unaccented

and by the linguists to be less stressed, averaged 1863 maec. These

average tapping variances are given in Table 32, along with the average

"stressedness" score by the linguists. The variability in tapping de-

creased (or reliability in tapping increased)as stress increased.

The validity of tapping variance as a measure of syllable type may

be due to the different kinds and amounts of rhythmic information carried

by different syllables. A stressed syllable can carry the information

.100.141,, 111, 4,
108



TABLE 31

All Scores Over Syllable Types, with Means

Syllable Type Scores

A 10, 6, 10, 6, 10, 10, 9, 10, 5, 10, 5, 10, 7, 9, 10,

6, 10, 10, 10, 10, 7, 5, 10, 10, 3, 10, 10, 10, 10, 9,

9, 7, 10, 9 Mean = 8.6

Bl 3, 2, 4, 4, 4, 5, 4, 4, 2, 2, 4, 6, 1/2 Mean = 3.4

B2 0, 1, 1, 5, 1/2, 0, 0, 1, 0 Mean = .94

Cl 0, 0, 1/2, 0, 0, 0, 0, 1, 0, 1/2, 0, 1/2, 0, 0, 4

C2 0, 0, 0, 0, 1/2, 0, 0, 0, 1/2, 0, 2, 0, 1, 0, 0, 0, 0

C12 0, 0, 0, 1

C3 0, 0, 0, 0, 0 Mean = .028



TABLE 32

Average Variance vs Average Stress Score

for Types A, Bl, B2 and C Syllables

Syllable Type Average Variance Average Stress Score

A -** 1048 msec
2

8.6

B1 1328 3.4

B2 1683 .94

C 2161 .028
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of a rhythmic down beat, and since people are used to tapping their fingers

on down beats the task is natural and the variance small.

Syllable typology is closely related to the grammatical notion of

open and closed class words in English. The types A and B syllables

are likely to be the stressed syllables of open class words such as

nouns, verbs, and adjectives, while the type C syllables are more likely

to be closed class monosyllabic function words such as prepositions,

pronouns, and conjunctions,along with the unstressed syllables of open class

words. The syllables of all utterances are ranked in Table 33 according

to the variability with which the subjects tapped to them. It can be

seen that the function words and unstressed syllables of open class words

have generally higher rankings than the stressed syllables of open class

words. This rule, however, has many exceptions.

4.5 Comparison of the Two Experimental Tasks

The two experiments were designed to give two kinds of information:

the location of the sylltble beat, and the role of the syllable in the

overall rhythm of the utterance. The important measure for locating the

syllable beat is the bias of the mean of the distribution of responses;

the variance of the response distribution gives information about the

rhythmic role of the syllable. The tapping task and the click placing

task differed in generating these two kinds of information.

Because many responses were gathered in a short period of time in

the tapping experiment, tapping bias was measurable. In tapping to a

sequence of clicks, the subjects showed similar tapping behavior and

comparable bias. The results of these two experiments could be combined
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to show a moderate correlation of the mean time of a subject's tap with

the time of onset of the nuclear vowel of the accented syllables. Dis-

placement (forward) in time of the subject's taps was shown to depend on

the particular subject and the length of the consonant or consonants

preceding the vowel.

Bias was also in evidence in the click placing experiment, but the

size of the bias did not change coherently between the two subjects.

Comparison of the click placements with the speech was therefore impossible.

Subjects were not significantly different in their mean click placement,

although a tendency toward difference was apparent (p ti .1). If, in a

similar experiment with more subjects, no inter-subject differences resulted,

then bias would no longer be a problem and the click placements could be

compared directly with the speech.

The variability of a subjects' tapping was shown to be strongly

related to the stress and rhythmic accent of the syllable, with lower

variability associated with the more accented syllables. This relative

size of variability correlated highly with both subjects' and trained

linguists' intuitions about the accents.

The range of variability shown by subjects in the click placing

experiment was much less than that in the tapping experiment. Correla-

tions of variabilities between themselves and with other measures were

therefore markedly reduced. It is doubtful that a larger experiment

would increase these correlations to a size comparable with those of the

tapping experiment.

A final consideration in the comparison of the two experiments is the

relative ease of gathering data. In the tapping experiment, a single datum

113



-112-

is obtained on each rotation of the loop, however long it may be. An

average of six revolutions was required for each click placement, (four

for one subject, eight for the other) making data six times slower to

collect. A different experimental design, involving forced choice judg-

ments of randomly placed clicks would remove this time element as well

as the bias in the method of limits.

4.6 Summary and Conclusions

Two statistical measures were derived from the distributions of

responses given by the subjects in the experiments described above.

The means of the distributions were used to locate the syllable beat.

It was found that these means are subject to biases resulting from

differences between the subjects, differences between the syllables,

and differences within the subjects over time. The biases were more

consistent and more easily calibrated in the tapping experiment than

in the click placing experiment. Simple hypotheses for the prediction

of the location of the syllable bear, suggested from the literature,

were tested by comparing the subjects' mean responses with these pre-

dicted locations. The displacement in time of a subject's tapping mean

from the onset of the nuclear vowel of a stressed syllable was found to

be moderately correlated with the length of the consonant sequence pre-

ceding the vowels.

The variances of the distributions were used as a measure of the

rhythmicalness of the syllable. The tapping experiment yielded a

greater range of variances than did the click placing experiment. The

magnitude of the subjects' variances in tapping to a syllable was found

to correlate highly with: (1) the role of the syllable in the rhythm of

the utterance, according to the experimenter's and the subjects'
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intuitions, (2) the stress markings assigned by linguists to the syllable,

and (3) the grammatical class of the word to which the syllable belongs.

Specifically, syllables with lower tapping variances are more likely to

be Type A or B syllables, according to the syllable typology discussed

in Section 4.4, above: these low-variance syllables are more likely to

be marked as stressed by trained linguists; these syllables are more

likely to be the stressed syllables of open class words.

From this finding of agreement between rhythmicalness-stress and

tapping behavior it can be concluded that rhythm exists in conversational

English, insofar as the stimulus utterances used in this experiment are

representative of conversational English. It can further be concluded

that it makes sense to talk of "stress-timing" in English.

From the finding of agreement between bias in tapping to clicks and

bias in tapping to the syllables of the stimulus utterances, it can be

concluded that the time between the successive beats in the rhythm of an

utterance can be measured. From this conclusion it follows that the

hypothesis that conversational English is a stress-timed language may be

tested.
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Appendix A - Spectrograms and Mingograms

Pages 117 through 130 of Appendix A show spectrograms and mingograms

of eight of the nine utterances used in the experiments described in

*
Chapter II. The spectrograms were made on a BTL Model D spectrograph

and have been reduced by one-fourth. The mingograms show the speech wave,

speech power, and a timing signal of 100 cps. The traces were made at 100

mm per sec and have been reduced by five-eighths. Because the timing pulse

and the entire utterance could not both be included in a single spectro-

gram for some of the utterances, two spectrograms were made for these

utterances. The lettering on the spectrograms and mingograms follows the

orthographic spelling of the utterances and is intended only as a guide

to the phonetic material. A close phonetic transcription was not made.

The vertical line labeled "COMP LINE" on the mingograms indicates the

point of comparison of the mingogram records used in Experiments 1 and 2

(see Section 3.4.3, p.70).

Pages 131through 169 of Appendix show locations in the speech of

the means of the distributions of taps and click placements by all of

the subjects. The locations are drawn on unreduced two inch sections of

the spectrograms and mingograms. The syllables are numbered for reference

from 1 to 97; this numbering is given on pages 115 and 116. The subjects in Ex-

periment 1 are numbered 1, 2, and 3. Those in Experiment 2 are numbered

I and II. Subject 1 was subject I and subject 3 was subject II. The line

locating the mean of a subject's responses to a given syllable is labelled

with the syllable number and the subject number, separated by a hyphen.

*The tape loop of utterance #3 used in Experiment 1 was lost.
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Contents of Appendix A

Pages 117 through 130 show spectrograms and mingograms of utterances

#1 through #9, excluding #3.

Pages 131 through169 show locations of subjects' responses to all

the syllables. Two syllables are included on each page, with the fol-

lowing syllable numbering.

Syllable Number

use 1

the 2

weight 3

of 4

the 5

line 6

to 7

get 8

more
1

9

and 10

more 11

out 12

spin 13

ners 14

are 15

par 16

tic 17

u 18

ly 19

good 20

131

132

132

133

133

134

134

135

135

136

136

137

137

138

138

139

139

Syllable Number Paste

in 21 140

cur 22 140

rents 23
141

see 24

when 25

he 26

reared 27

back 28

and 29

fired 30

it 31

by 32

a 33

guy 34

of 35

ter 36

the 37 141

play 38 142

was 39 142

o 40 143
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Syllable Number Pail

143

Syllable Number Page, Syllable, Number

ver

----,

41 I 63 153 what 85

he 42 144 would 64 154 will 86

wants 43 144 like 65 154 hap 87

to 44 145 to 66 155 pen 88

be 45 145 know 67 155 now 89

a 46 146 how 68 156 and 90

per 47 146 they 69 156 sort 91

for 48 147 con 70 157 of 92

mer 49 147 struct 71 157 go 93

now 50 148 these 72 158 out 94

talks 51 things 73 158 on 95

in 52 1
1

74 a 96

terms 53 148 like 75 159 limb 97

of 54 149 pre
1

76 159

get 55 149 diet
1

77 160

ting 56 150 ing 78 160

a 57 150 1
2

79 161

name 58 151 love 80 161

for 59 151 to 81 162

him 60 152 pre
2

82 162

self 61 152 dict
2

83 163

so 62 153 things 84 163

Eat

164

164

165

165

166

166

167

167

168

168

169
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Fig. A23-A,B: Spectrogram and Mingogram Sections
for Syllables 3 and 4
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Fig. A24-A,B: Spectrogram and Mingogram Sections
for Syllables 5 and 6
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Fig. A27-A,B: Spectrogram and Mingogram Sections
for Syllables 11 and 12
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Fig. A28-A,B: Spectrogram and Mingogram Sections
for Syllables 13 and 14
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Fig. A29-A,B: Spectrogram and Mingogram Sections
for Syllables 15 and 16
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Fig. A30 -A,B: Spectrogram and Mingogram Sections

for Syllables 17 and 18
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Fig. A31 -A,B: Spectrogram and Mingogram Sections
for Syllables 19 and 20
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Fig. A32 -A,B: Spectrogram and Mingogram Sections

for Syllables 21 and 22
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Fig. A33-A,B: Spectrogram and Mingogram Sections
for Syllables 23 and 37
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Spectrogram and Mingogram Sections
for Syllables 38 and 39
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Fig. A35-A,B: Spectrogram and Mingogram Sections

for Syllables 40 and 41
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Fig. A36-A,B: Spectrogram and Mingogram Sections
for Syllables 42 and 43
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Fig. A37-A,B: Spectrovam and Mingogram Sections

for Syllables 44 and 45
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Fig. A38 -A,B: Spectrogram and Mingogram Sections
for Syllables 46 and 47
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Fig. A39 -A,B: Spectrogram and Mingogram Sections
for Syllables 48 and 49
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Fig. A40-A,B: Spectrogram and Mingogram Sections
for Syllables 50 and 53
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Fig. A41-A,B: Spectrogram and Mingogram Sections
for Syllables 54 and 55
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Fig. A42 -A,B: Spectrogram and Mingogram Sections
for Syllables 56 and 57
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Fig. A43 -A,B: Spectrogram and Mingogram Sections
for Syllables 58 and 59
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Fig. A44 -A,B: Spectrogram and Mingogram Sections
for Syllables 60 and 61
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Fig. A45-A,B: Spectrogram and Mingogram Sections
for Syllables 62 and 63
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Fig. A46-A,B: Spectrogram and Mingogram Sections

for Syllables 64 and 65
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Fig. A47-A,B: Spectrogram and Ming
for Syllables 66 and 67
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Fig. A48 -A,B: Spectrogram and Mingogram Sections

for Syllables 68 and 69
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Fig. A49-A,B: Spectrogram and Mingogram Sections
for Syllables 70 and 71
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Fig. A50-A,B: Spectrogram and Mingogram Sections
for Syllables 72 and 73
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Fig. A52-A,B: Spectrogram and Mingogram Sections
for Syllables 77 and 78
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Fig. A53-A,B: Spectrogram and Hingogram Sections
for Syllables 79 and 80
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Fig. A55-A,B: Spectrogram and Mingogram Sections
for Syllables 83 and 84
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Fig. A56-A,B: Spectrogram and Mingogram Sections
for Syllables 87 and 88
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Fig. A57-A,B: Spectrogram and Mingogram Sections
for Syllables 89 and 90
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Fig. A58-A,11: Spectrogram and Mingogram Sections
for Syllables 91 and 92
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Fig. A59-A,B: Spectrogram and Mingogram Sections
for Syllables 93 and 94
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Fig. A60-A,B: Spectrogram and Mingogram Sections
for Syllables 95 and 96
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Fig. A61: Spectrogram and Mingogram
Sections for Syllable 97
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APPENDIX B - Click Device

The function of the device illustrated in Figure Bl is to output

a pulse at an adjustable time after a pulse arrives at its input. The

three components of the device are a Schmitt trigger and two monostable

multivibrators. The Schmitt trigger is a threshold circuit which has

two output states. If the input signal is greater than +0.5 volts d.c.,

the output is 0 volts d.c. If the input is less than -0.5 volts d.c.,

the output is -12 volts d.c. If the input lies between -0.5 volts d.c.,

the output stays in its last state. The reason for the inclusion of the

Schmitt trigger is that when the timing pulse on the tape loop is input,

the output is a sharp, positive going pulse, suitable as input to the first

monostable multivibrator.

The first monostable multivibrator produces a negative-going pulse,

whose length is adjusted by changing a potentiometer setting. When the

positive-going edge of the putput pulse from the Schmitt trigger is input

to this device, its output state changes form 0 volts d.c. to -12 volts
.ity.

d.c. The length of time that the -12 volts state is held is .4 function of

the resistance R2, with greater values of R2 yielding longer pulses. The

shortest possible pulse is 75 msec, and the longest is 1389 msec.

The second monostable multivibrator produces a positive going pulse

at the time of the offset of the pulse produced by the first monostable

multivibrator. The pulse goes to 0 volts d.c. from -12 volts d.c. and

lasts 200 microsec. Various pulse lengths were tried and the 200

microsec value was chosen for its combined sharpness and audibility.

The variability in time between the firing of the Schmitt trigger

and the occurrence of the output pulse from the second monostable multi-

vibrator was calibrated and found to be less than 10
-4

sec at all

settings of the potentiometer R2.
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